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PREFACE

Women's health and menopause is a rapidly
expanding field of medical practice and scientific
investigation. It isa field of great social impor-
tance and impact, nationally and globally, in
developed as well as developing countries.

Menopause is a normal event in a woman'’s life.
Some women view it as a positive and liberating
experience. Othersthink of it as a negative event.
Today, most women live long enough to become
postmenopausal. In the developed world, the per-
centage of women over 50 years of age hastripled
in the last 100 years. During this period, women’s
life expectancy in the United Sates has increased
from 50 to 81.7 years, meaning that more than one
third of life will be lived in postmenopause.

This*“ International Position Paper on Women's
Health and Menopause: A Comprehensive
Approach” is based on extensive international
review and evaluation of the scientific evidence for
current clinical practices as presented in the pub-
lished literature. The purpose of this international
and multidisciplinary monograph is to enhance the
composite health of menopausal and postmenopausal
women on a global basis, with consideration of
sociocultural concerns and economic issues.

The monograph represents the culmination of 7
years of cooperation between the National Heart,
Lung, and Blood Institute (NHLBI) and the
Giovanni Lorenzini Medical Science Foundation
(Milan, Italy and Houston, TX) in a public/private
partnership in the development and cosponsor ship
of four international conferences on \Women's Health
and Menopause since the mid-1990s. The first three

conferences were held in Italy, and the most recent
one was held in May 2001 in Washington, DC. The
last two conferences were also cosponsored by the
Office of Research on Women's Health (ORWH),
National Institutes of Health (NIH). These confer-
ences have addressed not only cardiovascular dis-
ease, but also other health problems, such as cancer,
osteoporosis, and Alzheimer’s disease, as well as
the use and impact of hormone replacement therapy.

Menopause offers the primary care health provider
an opportunity to assess a woman’s health, her
concerns, and her needs for health promotion and
disease prevention measures worldwide. Given

the multifactorial approaches needed for women
during their middle and older years, the NHLBI,
the ORWH, and the Giovanni Lorenzini Medical
Science Foundation, in a cooperative venture
assembled an international panel of experts on
menopausal health.

Theindividual chapters of the International
Position Paper, prepared by panel members and
invited authors, evaluate published research studies
to establish relevant background information and
compile strategies for management. These were
reviewed by internationally acknowledged |eaders
in their fields. The volume describes and references
relevant clinical information and provides
evidence-based recommendations for best clinical
practices as well as recommendations for future
research. Importantly, the goal of this monograph
is that the materials be reproduced and transated
inindividual countries for optimal global dissemi-
nation, which will be furthered by presentations at
topic-related scientific meetings.

XMl



On behalf of the NHLBI, | would like to thank
Nanette K. Wenger, M.D., chair of the Executive
Committee of the International Position Paper;
Rodolfo Paoletti, M.D., cochair; Vivian W. Pinn,
M.D., cochair; the panel members; the nonpanel
coauthors; and the experts who reviewed the pre-
liminary versions of the individual chapters and of
the composite document for their valuable scientif-
ic contributions and dedication during this 4-year
effort to critically review and evaluate extensive
international databases on women'’s health and
menopause. | hope that the readers will come away
with a sense of appreciation for what biomedical
research has accomplished in this important field
and anticipation of the many opportunities and
needs for future research.

L. LA sarri"

Claude Lenfant, M.D.

Director, National Heart, Lung, and Blood Institute
and Cochair, Executive Committee of the
“International Position Paper on \WWomen's Health
and Menopause: A Comprehensive Approach.”
National Institutes of Health
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CHAPTER 1: EXECUTIVE SUMMARY

Nanette K. Wenger, M.D., Chair; Rodolfo Paoletti, M.D., Cochair; Claude J. M. Lenfant, M.D., Cochair; Vivian W. Pinn,
M.D., Cochair, Elizabeth Barrett-Connor, M.D.; Martin H. Birkhauser, M.D.; Louise A. Brinton, Ph.D.; Aila Coallins,
Ph.D.; Peter Collins, M.D.; PierGiorgio Crosignani, M.D.; Lorraine Dennerstein, A.O., M.B.B.S,, Ph.D., D.PM,,
FRAN.Z.C.P; Bruce Ettinger, M.D.; Jan-Ake Gustafsson, M.D., Ph.D.; Janet Guthrie, Ph.D., M.Sc.; Victor W, Henderson,
M.D., M.S;; Susan Hendrix, D.O.; Barbara E. K. Klein, M.D., M.PH.; Carlo La \lecchia, M.D.; Robert Lindsay, M.D.,
Ph.D.; Adriana Maggi, Ph.D.; Joan A. McGowan, Ph.D.; Anne McTiernan, M.D., Ph.D.; Sefan Nilsson, Dr. Med. <ci.;
Maryann Redford, D.D.S,, M.P.H.; Susan M. Resnick, Ph.D; Jacques E. Rossouw, M.D.; Nanette Santoro, M.D.; and Sheryl

S. Sherman, Ph.D.

1. INTRODUCTION

Today, most women live long enough to become
menopausal . In the developed world, the percent-
age of women over 50 years of age hastripled in
the last 100 years. Mean female life expectancy
has increased from 50 to 81.7 years, meaning that
more than one-third of life will be lived in post-
menopause. The absolute and relative numbers of
older people in both developed and developing
countries substantially increased during the 20th
century, and the mean age of the population of the
world will increase much faster in the next half
century. It is projected that there will be almost

2 hillion (1,970 million) older personsin 2050,
compared with 580 million in 1998; the majority
of these elderly are women. The quality of life of
older women in the aging population will depend
in large measure on the ability of societies to cope
with the economic, social, and medical challenges
of the postmenopausal years.

Menopause is not a disease, but rather a normal

physiologic event in awoman's life. It can be asso-
ciated, however, with health complaints, a decrease
in quality of life, and an increase in risk for illnesses,

Menopause is atime in

awoman'’s life when

such as osteoporosis the primary health care
and coronary heart provider should assess
disease (CHD). Studies
of menopause are

numerous but largely her need for health
recent. Although many
clinically relevant

guestions remain unan-

awoman'’s health and

promotion and disease

prevention measures.

swered, women seeking
advice about menopause currently have more options
and better interventions for healthy menopausal
years than ever before. Menopause isatimein a
woman’s life when the primary health care provider
should assess awoman's health and her need for
health promotion and disease prevention measures.

Given the multifactorial approaches needed for
women during their middle and older years, the
National Heart, Lung, and Blood Institute
(NHLBI) and the Office of Research on Women's
Health of the National Institutes of Health (NIH)
in Bethesda, MD and the Giovanni Lorenzini
Medical Science Foundation of Milan, Italy, and
Houston, TX, in a cooperative venture assembled




defined as the

resulting from the
loss of ovarian

follicular activity.

an international panel of experts on menopausal
and postmenopausal health. Through a collabora-
tion that included a series of meetings from
November 1998 to July 2000, the Executive
Committee and Panel members evaluated pub-
lished information to determine management
strategies that would constitute evidence-based
recommendations on menopause for best clinical
practice. Evidence statements and recommenda-
tions were categorized by alevel of evidence rang-
ing from A to D as shown in table 1-1 and indicated
within square brackets in the text. Additional partic-
ipants in document development were referees and
reviewers, selected by the Executive Committee in
cooperation with the panel members. The resulting
multichapter monograph addresses a spectrum of
evidence to provide a multidisciplinary approach
to the enhancement of menopausal and post-
menopausal health globally. Although the evidence
reviewed is disease specific, the monograph is
designed to enhance the composite health of
menopausal and postmenopausal women and is not
intended to medicalize menopause.

— The terms “ estrogen replace-
Menopause is

ment therapy (ERT)” and
“hormone replacement therapy
(HRT),” along with their

permanent cessation  jpjtiglisms ERT and HRT, are
of menstruation

well established; nevertheless,
the panel concurs with critics
who view replacement as
suggesting that menopause is a
disease state and that hormonal
status should be restored to

that of the reproductive years.
In the absence of scientific consensus regarding a
more appropriate term, the panel has decided to
use the term HRT for the present monograph, since
HRT is now the most common in use by the medical
profession and familiar to the general public.
Possible benefits and risks of HRT are summarized
intable 1-2.

2. MENOPAUSE AND AGING

* Menopause is defined as the permanent cessa-
tion of menstruation resulting from the loss of
ovarian follicular activity. Natural menopause is
recognized to have occurred after 12 consecutive
months of amenorrhea for which there is no
other obvious pathologic or physiologic cause. At
present, it can be recognized only retrospectively.

» Endocrine changes will have begun years earlier.
Changes in serum concentrations of follicle-
stimulating hormone (FSH) and estradiol are
maximal in the year of the final menstrual
period (FMP). FSH elevation, while a harbinger
of menopause, is a poor predictor of age at
menopause; the clinician cannot draw any
conclusions about the timing of an individual
woman's menopause on the basis of the
presence or degree of FSH elevation.

» The endocrine changes of menopause do not
include any acute decrease in androgens. After
menopause, estrone, rather than the more potent
estradiol, is the major circulating estrogen. It is
produced primarily by peripheral aromatization
of androgens, so that fat cells become the major
source of endogenous estrogen after menopause.

e Thereis considerable individual and racial/
ethnic variation in age at natural menopause, in
climacteric signs and symptoms, and in what
may be considered menopause-related sequel ae.

* Thereisalack of consensus asto whether changes
in health occurring during the climacteric or
presenting later in life are attributable to meno-
pause and reduced ovarian function or to aging.



TaBLE 1-1

Evidence Categories

Evidence Category

Sources of Evidence

Definition

A

Randomized, controlled trials
(rich body of data)

Evidence is from endpoints of well-defined RCTs
(or trias that depart only minimally from random-
ization) that provide a consistent pattern of findings
in the population for which the recommendation is
made. Category A, therefore, requires substantial
numbers of studies involving substantial numbers
of participants.

Randomized, controlled trials
(limited body of data)

Evidence is from endpoints of intervention studies
that include only a limited number of RCTs, post
hoc or subgroup analysis of RCTs or meta-analysis
of RCTs, controlled trials. In general, category B
pertains when few randomized trials exist, they

are small in size, and the trial results are somewhat
inconsistent, or the trials were undertaken in a
population that differs from the target population
of the recommendation.

Nonrandomized trials and/or
observationa studies

Evidence is from outcomes of uncontrolled or
nonrandomized trials or from observational studies.

Expert judgment

Expert judgment is based on the authors' synthesis
of evidence from research described in the literature
that does not meet the above-listed criteria, taking
into consideration critical advice by other members
of the international panel of experts, external
referees, and external reviewers. The category is
used only in cases in which the provision of some
guidance was deemed valuable but an adequately
compelling clinical literature addressing the subject
of the recommendation was deemed insufficient to
justify placement in one of the other categories

(A through C).

Source: Adapted from the NIH. Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults. The Evidence
Report. Bethesda, MD, 1998; NIH publication no. 98-4083.




TABLE 1-2

Possible Benefits and Risks of Hormone Replacement Therapy,
With Evidence Categories

Regimen

Estrogen Alone Estrogen Plus Progestin
Possible Benefits
Hot flushes Significant reductions [A] Same [A]
Symptoms of Improvements, with topical aswell as Improvements with systemic preparation
vulvovaginal atrophy systemic administration [A/C] (only available preparation) [A/C]
Decreased sexua Variable success; data inconclusive [B] Estrogen and androgen: same [B]
function*
Urinary flow problems Alleviation in many cases of urgency, Same

urge incontinence, frequency [B],

nocturia, and dysuria[D]; may worsen

genuine stress incontinence [A]
Urinary tract infection Reduction in frequency, with local as Same [D]

well as systemic administration [D]
Osteoporosis Maintenance of bone density and favor- Same

able effects on markers of bone resorp-

tion [A]; marked reduction in risk for

vertebral fracture [B]; non-vertebral

fracture [C]
Oral bone loss* Possible benefit [C/D] Same [C/D]

Note: Evidence categories are shown in square brackets. A = randomized clinical trials (rich body of data); B = randomized clinical trials (limited data);
C = nonrandomized trials and observational epidemiologic studies; D = Panel expert judgment. (See also table 1-1.)

* Because clinical data are sparse or inconclusive, consideration of potential benefit would ordinarily be overridden by the extent to which benefits and
risks of HRT are well characterized for other organ systems or disorders.

T All findings belong to evidence category C, as they address side effects rather than interventions. This should not weaken the significance of the results.



TABLE 1-2 (continued)

Regimen

Estrogen Alone

Estrogen Plus Progestin

Possible Benefits

Neurologic function and
mental health*

Possible preservation of certain cogni-
tive skills during the period immediately
after induced menopause [B] and during
the aging process [C]; possible reduc-
tion in risk for Alzheimer’s disease with
replacement therapy begun after
menopause [C], with no effect when
begun &fter the onset of dementia symp-
toms [B]; possible benefit in certain
sleep disorders occurring during the cli-
macteric [C]; possible positive effect on
mood [B]

Possible preservation of certain cognitive
skills during the aging process [C]; possi-
ble reduction in risk for Alzheimer’s dis-
ease with therapy begun after menopause
[C]; possible benefit in certain sleep disor-
ders occurring during the climacteric [C];
possible positive effect on mood [C]

Eye*

Little evidence of an effect on age-relat-
ed maculopathy, cataract, and dry eye
[C]

Same [C]

Colorectal cancer* t

Possible reduction in risk

Same, but less information available

Possible Risks

Period-like symptoms,

Vaginal bleeding may occur [A]

May improve, remain the same, or worsen

including vaginal depending on the specific formulation
bleeding (e.g., MPA versus norethindrone acetate),
dose, or schedule (sequential versus com-
bined continuous) of the progestin [A]
Mastalgia Significant increase in breast tenderness Same or increased discomfort [A]
[A]
CHD events Apparent increase in risk in the first 1 or Same
2 years of therapy [A]; no definitive evi-
dence-based rationale to recommend for
prevention of disease
Stroke Conflicting results; no overall effect on Same

stroke risk [B] or possible increase in
risk and possible decrease in stroke
mortality [C]




TaBLE 1-2 (continued)

Regimen

Estrogen Alone

Estrogen Plus Progestin

Possible Risks

excess risk with longer use for current
users but not for former users

Venous thromboembolic Increase in risk, perhaps fourfold Similar [A]

eventsin legs and lungs increase in RR initially, with a persis-
tent twofold increase thereafter [A]

Breast cancer* t No appreciable risk association with Possible higher risk compared with
short-term (< 5 years') use; moderate unopposed estrogen

Endometrial cancer* t

Significant increase in risk

Not related to a major excess risk when
progestins are given for more than
10-14 days per cycle

Ovarian cancer* t

Possible increase in risk

No adequate information

Gallbladder disease

Apparent increase in risk [B/C]

Apparent increase in risk [B/C]

Asthma

Possible increase in risk with CEES [C]

No data

3. SYMPTOMS AND THE MENOPAUSE

» Estimates of the median age of menopause range

from 45 to 55 years worldwide. Understanding
of the factors that influence age at menopause is
limited. Familia or hereditary factors appear to be
the most predictive. Of other variables studied, the
most consistent relation is for cigarette smoking,
which advances menopause by 1 to 2 years. The
timing of menopause may substantialy influence
subsequent morbidity and mortality.

Contraception is still needed during the
menopausal transition.

* The climacteric* is sometimes but not always

associated with symptoms. There is debate as
to whether the term “symptoms” should be used
when referring to events of the climacteric.
Thetermis used here to refer to those bodily
perceptions presented as complaints by the
individual woman. The presence of occasional
symptoms does not indicate their impact on the
woman and may not be clinically relevant or
indicative of treatment needs.

Conflicting findings as to the causes of symp-
toms in midlife reflect some of the methodol og-
ic difficulties inherent in menopause research as
well as specific issues pertaining to the mea
surement of symptoms. General methodologic
issues relate to sample selection, validity of



symptom measures, cultural factors, determina-
tion of menopausal phase, lack of systematic
hormonal level assessment, age at baseline and
length of followup, separation of the effects of
natural menopause transition from those of
induced menopause, and statistical and experi-
mental design. A number of studies suggests
that symptom experienceislikely to be worse
when women have undergone surgical
menopause. There isarisk that stereotypes will
become operative in menopause research when
subjects know the topic of the research.

Individual women may view menopause as neg-
ative and troublesome or positive and liberating.
Importantly, the knowledge base on menopause
is narrow in that most studies have been carried
out on white women of northern European
ancestry; relatively little is known about the
range of climacteric experiences in women of
other racial/ethnic groups. Only studies of
women derived randomly from a genera popu-
lation provide findings that can be confidently
generalized to be the experience of most women
of that particular culture and geographic location.

The following generaizations about climacteric

symptoms can be made.

o When symptom checklists are used,
middle-aged women are highly symptomatic.

o Age-related symptoms have to be differentiated
from those related to the menopausal phase.

o Itisimportant to consider whether reported
symptoms reflect a change relative to a
baseline level.

o Only vasomotor symptoms, vulvovaginal
atrophic symptoms, and breast tenderness
consistently vary with the phase of the
climacteric and are significantly affected [A]
by the administration of hormones.

o Other symptoms, such as insomnia and
changes in mood, may be affected by the
presence of bothersome vasomotor symptoms.

o Symptoms are influenced by psychosocial
and lifestyle factors.

3.1 Vasomotor Symptoms
In North America and Europe, most women have
at least some menopausal hot flushes (also called
hot flashes). While menopausal hot flushes have
been described in alimited number of studiesin a
variety of other cultures, the prevalence varies
widely. There is consensus about the marked tem-
poral relation of vasomotor symptoms to the cli-
macteric. They begin to increase in the menopausal
transition, peak 1 to 2 years after the FMP, and may
remain increased for several years. A number of
studies have shown a statistical relation between hot
flushes and night sweats, and
some show arelation between
those vasomotor symptoms and
insomnia. The mechanism of on menopause is
menopausal flushing remains
unclear. Core body temperature
€levations precede the
menopausal hot flush and serve  carried out on white
as one trigger of the heat loss
phenomenon, but what is
responsible for the core tem- European ancestry.
perature elevation is uncertain.

The knowledge base

narrow in that most

studies have been

women of northern

* Hormone replacement therapy. Estrogen
therapy is effective in reducing hot flushes [A].
The use of continuous or sequential progestins
with estrogen does not reduce the efficacy of
estrogen in the reduction of hot flushes.

o Other pharmacologic agents. Other agents
reported to be more effective than placebo in
decreasing hot flushes include megestrol
acetate, veralipride, opipramol, venlafaxine,
sertraline, paroxetine, and tibolone [B].

* Perimenopause comprises the period of time immediately before menopause (when the endocrinologic, biologic, and clinical features of approaching
menopause commence) and the first year after menopause. The climacteric incorporates perimenopause by extending for a longer, variable period of
time before and after it.



e Physical activity. Evidence is conflicting as to
whether increased physical activity affects
menopausal symptoms.

* Foods and beverages. Avoidance of hot bever-
ages, foods containing nitrites or sulfites, spicy
foods, and alcohol may help limit hot flushes.

* Phytoestrogens. Although some evidence sug-
gests that dietary supplementation with phytoe-

» Hormone replacement therapy. Estrogen ther-
apy is effectivein relieving vulvovaginal atrophic
symptoms, and local estrogen preparations are as
effective as systemic ones [A]. In observational
studies, ERT reduces the frequency of urinary
tract infections in the menopausal years [D].

3.3 Mastalgia (Breast Soreness/Tenderness)
In clinical trials, mastalgia has been related to
estrogen and progestin concentrations [A].

strogens yields improvements

in hot flushes, the issue

remains unclear because of

effective in reducing ~ methodologic limitations of the
studies.

Estrogen therapy is

Mastalgia that is related to the menstrual period
often resolves with menopause. Compliance with
HRT can be limited by the side effect of mastalgia.

hot flushes. 4. SOCIOCULTURAL ISSUES

o Gamma-linolenic acid.

Gamma-linolenic acid provid-
ed in evening primrose oil, a popular aternative
therapy, appears to offer no benefit over placebo
in the treatment of vasomotor symptoms [B].

3.2 Vulvovaginal Atrophic Symptoms

Atrophic changes of the vulva, vagina, and lower
urinary tract are common causes of complaints
among menopausal women. Only vulvovaginal
atrophic changes can be clearly related to
menopause; findings as to whether disorders of
urinary tract atrophy are menopause or age related
are conflicting. (See also “Lower Genital and
Urinary Tract Atrophy” in “Gynecologic and
Urinary Aspects’ below.) With estrogen loss, the
vagina shortens and narrows, and its walls become
thinner. Decreased production of lactic and acetic
acids alters the normal low vaginal pH, to create a
milieu that does not favor continued growth of the
normal flora. A decrease in estrogen-supported
lubrication causes vaginal dryness, which can lead
to vaginitis, vaginismus, and dyspareunia.
Cystocele and rectocele are also common problems
in postmenopausa women.

 Attitudes toward and beliefs about menopause
vary historically and among cultures [C].

e Cross-cultural comparisons demonstrate that
reported symptoms can vary significantly among
countries and among ethnic groups within
countries in type (e.g., vasomotor, psychologic)
and in the degree of distress caused [C].

 Difficultiesin integrating findings from cross-
cultural studies stem from a number of limita-
tions. Among these are differences among cul-
tures in language used to describe symptoms,
use of different methodologies in study design
and in instruments used to measure symptoms,
and differences in diet and other lifestyle factors
that make it difficult to establish cultural versus
biologic causes of symptom expression.

A better appreciation of cross-cultural differ-
ences in the experience of menopause may
derive from an emerging interdisciplinary
model in which symptoms are seen as a result
of increased vulnerability due to hormonal
changes in interaction with psychologic and
sociocultural factors.



5. PHYsIioLoGICAL ROLE OF ESTROGEN
AND ESTROGEN RECEPTORS AND
PHARMACOLOGIC MODULATION OF
ESTROGEN RECEPTOR ACTIVITY

» The two known estrogen receptor (ER) sub-
types, ERa and ER[3, mediate many biologic
effects of estrogens and antiestrogens.

 Different ligands induce different ER
conformations.

+ Different mechanisms of target gene regulation
affect the agonist/antagonist profile of aligand.
Selective ER modulators (SERMs) have a tissue-
and gene-specific mixed agonist/antagonist effect.

o Of interest are the SERMSs (third-generation
HRT), nonsteroidal agents that behave as ago-
nists in target tissues such as bone and liver and
as antagonists or partia agonistsin reproductive
tissues [A/B].

* Both subtypes are aso important for normal ovar-
ian follicular development and female fertility.

* Available data suggest that ERa plays an
important role in bone maturation and home-
ostasis in both women and men, and that ER[3
has a specific role in bone physiology in women.

* ERa and ERp are expressed in vascular
endothelial cells, vascular smooth muscle cells,
and myocardia cells. Beneficia effects of estro-
gens on cardiovascular function and reactivity
stem from direct effects on cellsin the vascular
system and also from effects on liver and on
circulating monocytes/macrophages.

* Inthe central nervous system (CNS), estrogen is
linked to a variety of functions, including
learning, memory, awareness, fine motor skills,
temperature regulation, mood, reproductive
functions, and depression. The predominance
of expression and localization of ERp in rat
neocortex, hippocampus, and nuclei of the basal
forebrain suggests an important role for ER in
learning and memory.

 Estrogen and inhibins produced by the ovaries
are important feedback regulators of the
hypothalamic-pituitary axis and serum concen-
trations of luteinizing hormone (LH) and FSH.
ERa seems to be more involved than ER in
the LH, FSH feedback loop.

* Increased knowledge of the structure of ERs
and of the mechanisms of the receptors
synthesis and their interaction with key elements
of the transcription apparatus is facilitating
the synthesis of new pharmacologically active
molecules.

» ERa- and ERB-selective SERMs in develop-
ment might provide improved therapy. Since
both ER subtypes are expressed in human breast
cancer, measurements of both ERa and ERf3
may help in the selection of appropriate breast
cancer therapy.

5.1 Hormone Replacement Therapy and
Related Therapies

Theregimens most commonly — s————
used to treat climacteric symp- The two known
toms and to intervene against
menopausa and post-
menopausal health risks are
17B-estradiol, esterified estro-
gens, and conjugated equine
estrogens (CEES) in combina-
tion with a progestin, for
example, medroxyprogesterone
acetate (MPA). The awareness
of undesired effects and serious health risks (breast
cancer, endometrial cancer, and venous throm-
boembolism) with existing HRT call for alterna-
tives with improved safety profiles.

ER subtypes, ERa
and ER[, mediate
many biologic
effects of estrogens

and antiestrogens.

Alternative regimens for women who do not wish
to take estrogen exist. Non-ER subtype-selective
SERMs display tissue-selective estrogen agonism.
They do not increase the risk of breast and
endometrial cancer but aggravate hot flushes and
increase the risk of venous thromboembolism. The
existence of two ER subtypes provides the oppor-



tunity to develop ER subtype-selective ligands;
such agents will likely have improved therapeutic
profiles. Novel synthetic steroidal ER agonists
hold promise because of agonist activity for prog-
esterone and androgen receptors.

» Sexud interest, behavior, and activity should be
routinely assessed at office visits on a regular
basis, and a plan should be developed to address
the woman'’s concerns.

* HRT (estrogen or estrogen plus androgen) and
behavioral therapy have had variable successin
the treatment of sexual dysfunction [B] but

— 6. SEXUALITY should be considered in patients who desire

Multiple population-  \jyltiple popul ation-based treatment.

based studies imply studies imply a decreasein o Hormone replacement therapy. Although
female sexual function associ- estrogen is effective in relieving vulvovagi-
ated with the midlife years, nal atrophic symptoms, including increasing
and there is growing evidence vaginal lubrication, HRT has not been con-
that the decrease reflects hor- sistently shown to increase sexua desire or
monal changes of the activity [B].

menopausal transition rather

a decrease in female
sexual function
associated with the

midlife years.

than increasing age. Hormonal
change is only one of many factors that affect sex-
ual function. Other factors include presence of a
sexual partner, partner’s age and health, length of
the relationship, feelings toward the partner, level
of past sexua function, socia class, educational
level, experience of physical or psychologic ill
health, stressors, employment, personality factors,
and negative attitudes toward menopause.

» Declining sexua function is common but
not universal with aging. There may be an
additional decrement associated with the
menopausal transition.

» The causes of decreased sexual activity are
multiple and include physiologic, psychological,
and socid factors.

» Definitions and Classification of Female Sexual
Dysfunction given by the consensus panel of
the Sexua Function Health Council of the
American Foundation for Urologic Disease pro-

vide a standardized system for clinical diagnosis

and treatment and are recommended for use by
health care professionals [D].
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7. CARDIOVASCULAR AND
PULMONARY DISEASE

» Cardiovascular disease (CVD) remains the com-
monest single cause of female mortality and
morbidity in the western world [C]. Despite the
protection apparently offered by endogenous
sex hormones in their premenopausal years, the
longevity of women exposes them to alifetime
risk for coronary and other vascular diseases
similar to that of men. There isawide variation
in CHD incidence among countries. In countries
in which theincidence is high in men, it isaso
high in women; likewise, the incidenceislow in
women and men in countries with low rates of
CHD. Because CVD tendsto develop at alater
age in women than in men, women are more
likely to have complicating comorbidities, such
as hypertension and diabetes mellitus, which
contribute to poorer short-term outcomes after
coronary events or revascularization.

7.1 Coronary Heart Disease

e Major modifiable risk factors for atherosclerotic
CHD are similar in women and men and include
dyslipidemia, hypertension, diabetes mellitus,
cigarette smoking, lack of physical activity, and
obesity (especially abdominal obesity) [C].



The atherogenic risk profile of older women is
appreciably more adverse than that of younger
women, although it is uncertain whether age or
hormone status is the primary determinant of
the evolution of the adverse risk profile.

Large randomized, placebo-controlled clinical
trials have shown that beta-blockers, aspirin,
3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase inhibitors (statins),

and angiotensin-converting enzyme (ACE)

inhibitors reduce risk for CHD events in women

aswell asin men [A]. For some of these
therapies, the evidence derives largely from
secondary prevention trials; in general, therapies
that work in secondary prevention will work

in primary prevention as well. Treatment effects

appear to be similar in women and men. For

example, meta-analysis of data from several

major lipid-lowering statin trials showed a

29-percent reduction in risk for major CHD

events in women, similar to the 31-percent
reduction observed in men.

o HRT has consistently been shown to improve
the blood lipoprotein profile markedly, and
many large observational studies found that
menopausal women who chose to use hor-
mone therapy had a 35- to 50-percent lower
risk for CHD than nonusers. In contrast, no
hormone benefit on hard cardiovascular out-
comes, such as myocardial infarction (MI) or
cardiac death, has been demonstrated in clin-
ical trials [B]. In fact, there appears to be an
excess risk for cardiovascular eventsin the
first year or two of treatment [A], although
coronary benefit over the long term remains
possible [B].
= |n the Heart and Estrogen/progestin

Replacement Study (HERS), the first pub-
lished large trial conducted in post-
menopausal U.S. women with CHD, those
assigned to daily oral CEE plus MPA had
an increased relative risk (RR) versus
placebo for nonfatal M1 and coronary

death during the first year and did not
have coronary benefit across the average
followup of 4.1 years. Also, more women
in the hormone replacement group experi-
enced venous thromboembolic events and
gallbladder disease [A].

The large Women's Health Initiative (WHI)
trial of HRT in the United States includes
predominantly women without prior CVD
and includes women treated with daily
CEEs aone or daily CEEs with MPA,
versus placebo. All WHI participants were
informed of an increased risk associated
with active treatment for heart attack and
stroke, during the first 2 years after enroll-
ment (www.nhlbi.nih.gov/whi/hrt-en.htm).
The magjority of participants did not have
prior CVD, and the subgroup with prior
disease did not account aone for these
findings. Thetrial is continuing to assess
long-term benefits and risks of HRT [B].

Major modifiable risk factors for

atherosclerotic CHD are similar in women and
men and include dyslipidemia, hypertension,

diabetes mellitus, cigarette smoking, lack of

physical activity, and obesity.

In the angiographic Estrogen Replacement
and Atherosclerosis (ERA) study, there
was no coronary angiographic lesion ben-
efit from either estrogen or estrogen plus
progestin replacement therapy compared
with placebo [A].

Preliminary results from the PHASE trial
of transdermal HRT for secondary preven-
tion have not shown cardioprotective
benefit to postmenopausal women taking
estrogen or estrogen plus a progestin
compared to the placebo group [B].*
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There is no definitive

evidence-based rationale

prevention of CHD.

A lack of benefit may be due to countervailing
adverse changes in coagulation or inflammatory
mechanisms. In view of sex differences in athero-
sclerotic plague and the vascular remodeling
effects of estrogen and progesterone, other doses,
preparations, or routes of administration may
prove to have an important role in the prevention
of CVD in women.

o Hormone replacement therapy. Thereis
no definitive evidence-based rationale to rec-
ommend HRT for the prevention of CHD [A].

= At present, prevention of CHD should rely
on identifying and treating the classic risk
factors, such as dydlipi-
demia, hypertension,
diabetes mellitus,
smoking, obesity, and

to recommend HRT for the  Sedentary lifestyle [A].

Vigilant management of
risk for CHD in women

isimperative.

= |nstead of HRT, HMG-CoA reductase
inhibitors (statins), beta-blockers, ACE
inhibitors, and aspirin should be recom-
mended to al eligible women with CHD
or diabetes mellitus [A].

o Phytoestrogens and selective estrogen
receptor modulators. There are insufficient
data to make recommendations regarding the
use of soy phytoestrogens or SERMs for
prevention of CHD [C].

7.2 Stroke

Despite similar stroke rates, women are more like-
ly than men to die of stroke. The main risk factors
for stroke are not gender dependent. Although
strokes are more closely related to hypertension
(which is probably their most important risk

factor) than to hypercholesterolemia, HM G-CoA
reductase inhibitors (statins) reduce risk for stroke,
as do antihypertensive medications.

o Hormone replacement therapy. HRT has
not been consistently linked to stroke protec-
tion. In the HERS trial of continuous CEES
combined with MPA in women with prior
CHD, HRT was not significantly associated
with risk of nonfatal or fatal stroke or tran-
sient ischemic attack [B]. Results of the first
clinical trial of HRT in women with prior
stroke indicate no reduction in the risk for
recurrent stroke and death and suggest
increased risk for more severe strokes in the
first few months after initiation of HRT [B].2

7.3 Peripheral Vascular Disease

Peripheral vascular disease occurs fairly common-
ly in women, and, asin all atherothrombotic CVD
incidence increases with age in women. Smoking
is the most prevalent risk factor for peripheral vas-
cular disease, asit isin men. Peripheral vascular
disease carries with it an increased risk for CHD,
which is not gender dependent.

o Hormone replacement therapy. The effect
of HRT on peripheral vascular diseaseis
unknown.

7.4 Venous Thromboembolism

Modifiable risk factors for venous thromboem-
bolism include the presence of hemostatic
disorders, immobilization, and perhaps obesity.
Although most cases of venous thrombosis are not
fatal, death from pulmonary embolism can occur,
and postthrombotic syndrome occurs in as many as
one-fourth of patients with deep venous thrombosis.
Venous thromboembolism remains a mgjor cause of
morbidity and mortality after gynecologic surgery.

! Clarke S, Kelleher J, LIoyd-Jones H, et al. Transdermal hormone replacement therapy for secondary prevention of coronary artery disease in post-

menopausal women. Eur Heart J 2000;21(Abstract Supplment):212.

2Viscoli CM, Brass LM, Kernan WN, et al. A clinical tria of estrogen-replacement therapy after ischemic stroke. N Engl J Med 2001;345:1243-9.
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o Hormone replacement therapy:
Findings from recent observational studies
and data from clinical trials show a con-
sistent increase in risk for venous throm-
boembolic events in women taking estro-
gen compared with those that do not [A].
These studies indicate that there may be a
fourfold increase in RR initialy, with a
persistent twofold increase in risk there-
after. The increased risk for venous throm-
boembolism was similar in women using
an estrogen plus progestin [B]. Similar risk
is associated with the SERM raloxifene.®

7.5 Pulmonary Disease

Estrogen may play arole in the pathophysiology of
asthma. Observationa studies suggest a positive
dose response for use of CEEs and risk for asthma.
Otherwise, there appears to be little impact of
menopause or HRT on the pulmonary system,
although further research is warranted.

8. OSTEOPOROSIS AND ORAL BONE
Loss: RISkKS AND THERAPY

8.1 Osteoporosis

» Osteoporosis affects a large proportion of the
population of elderly women throughout the
world. More women than men are affected. The
overall lifetime risk for fracturesin women in
the United States and most European countries
is from 30 to 40 percent, but there is clear vari-
ability across cultures. Worldwide for women
and men, about 1.26 million hip fractures occur
each year, a number expected to double by 2025.

» Rates of osteoporosis and related bone fractures
increase with age. Low bone mass at
menopause can be due to insufficient bone
acquisition during growth or bone loss during
adulthood. Ovarian failure heralds dramatic

changes in skeletal homeostasis. Bone loss
accelerates for afew years after natural
menopause or oophorectomy, and continues at a
lower rate for the remainder of life. The mecha-
nism of how loss of estrogen at menopause con-
tributes significantly to skeletal bone loss is not
completely understood. Postmenopausal bone
loss may be exacerbated by low levels of physi-
cal activity and poor nutrition, especialy low
calcium intake. Severe bone loss and fractures
are not natural consequences of aging and can
be prevented or substantially delayed.

» The principal method for making the diagnosis
of osteoporosisis evaluation of the skeleton
by using a noninvasive measurement of bone
mineral density (BMD). Fracturerisk isthe
most important determinant in patient selection
for treatment or intervention for osteoporosis,
athough bone density is
only one of many risk fac-
tors that contribute to risk Osteoporosis affects
for fracture. Although there a |arge proportion
has been mgjor progressin
methods for assessing risk
for osteoporotic fracture, of elderly women
identifying individuals at
greatest need for treatment
remains a problem.

of the population

throughout the world.

8.1.1 Nonpharmacologic Interventions
Adequate nutrition—in particular, but not exclu-
sively, from intake of calcium and vitamin D—and
adequate physical activity are requisite preventive
efforts against osteoporosis throughout life.
Avoidance of tobacco use and moderation in
alcohol intake are obvious.

o Calcium. Adequate calcium intake in older
adults can retard bone loss and reduce risk
for fracture. While it is recommended that
calcium be obtained from the diet, not all

# Cummings SR, Eckert S, Krueger KA, et al. The effect of raloxifene on risk of breast cancer in postmenopausal women: results from the MORE ran-
domized trial. Multiple Outcomes of Raloxifene Evaluation [published erratum appears in JAMA 1999;282:2124]. JAMA 1999 281:2189-97.
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individuals are able to increase calcium
intake in this way. In such individuals,
supplementation may be encouraged. In the
United States, it is recommended that an
average intake of about 1,200 mg of calcium
per day should be achieved by adults > 51
years of age [Dietary Reference Intake (DRI)].

o Vitamin D. Because it is inexpensive to pro-
vide vitamin D and because many of the con-
trolled studies of calcium also used vitamin D

o Hormone replacement therapy. ERT main-
tains bone density and favorably influences
markers of bone resorption [A].* Long-term
and continuing use of estrogen markedly
reduces risk for fracture; discontinuation
allows bone loss to occur, and fracture pro-
tection wanes [B].

o Selective estrogen receptor modulators.
The SERM raloxifene exerts effects similar
to those of estrogen in the skeleton and has

supplementation, supplements been shown to prevent vertebral fractures[A].

of vita'nin D are recommended o Bisphosphonate therapy. The first-genera-
_ for at-risk populations, especial- tion bisphosphonate, etidronate, reduces ver-
density and favorably ly those 65 years of age and tebral but not nonvertebral fractures. Newer
older. For at-risk populations, and more potent bisphosphonates have been
700 to 800 IU (international shown to reduce risk for vertebral fracture by

ERT maintains bone

influences markers

of bone resorption. units) of vitamin D per day

may be sufficient.

o Physical activity. Bone density responses to
increased physical activity in adults have
been fairly modest. The type of exercise that
promotes bone response may be different
from the type recommended for aerobic fit-
ness: Muscle building, weight bearing, resis-
tance exerciseis required to ater bone density
[A]. Where not medically contraindicated,
increased physical activity should be encour-
aged for al.

8.1.2 Pharmacologic Interventions

A decade ago estrogen and injectable calcitonin
were the only available pharmacologic therapies
for menopausal women with osteoporosis. Now
there are new bone-specific drugs (e.g., bisphos-
phonates and parathyroid hormone (PTH)) and
broad-spectrum drugs (e.g., SERMs) that combat
osteoporosis and have potentially beneficial effects
in other organ systems, as well as calcitonin deliv-
ered as an intranasal spray.

approximately 45 percent and to reduce risk
for nonspine fracture to a lesser but clinically
important degree [A].

o Salmon calcitonin. Salmon calcitonin can
reduce resorption and help preserve bone
mass. Vertebral fracture rates may be reduced
[A/B]. Benefit in peripheral fracture risk has
been suggested, but data are not conclusive.

Choosing among estrogen preparations, raloxifene,
bisphosphonates, and calcitonin is challenging for
individual patients. Considerations are the need for
prevention versus treatment, the need for
bone-specific versus broad-spectrum effects,
patient acceptability and tolerance, and cost. The
long-term effects of many of the newer agents
(SERMs and hisphosphonates) are not known.

8.2 Oral Bone Loss

Oral bone, like the rest of the skeleton, comprises
both trabecular and cortical bone and undergoes
formation and resorption throughout the lifespan.
When oral bone loss exceeds gain, it manifests as
either loss of tooth-anchoring support or a diminu-

* Torgerson DJ, Bell-Syer SE. Hormone replacement therapy and prevention of nonvertebral fractures: a meta-analysis of randomized trials. JAMA

2001;285(22):2891-7.
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tion of the remaining ridge in areas of partial or
complete tooth loss.

The prevalence of oral bone lossis significant
among adult populations worldwide and increases
with age for both sexes. Oral bone loss and atten-
dant tooth loss are associated with estrogen defi-
ciency and osteoporosis [C]. As a conseguence,
women's experiences with postmenopausal
osteopenia may affect the need for, and outcome of,
avariety of periodontal and prosthetic procedures,
including guided tissue regeneration and tooth
implantation [D]. Furthermore, it is possible that
oral examination and radiographic findings may be
useful signs of extraoral bone diminution [C].

8.2.1 Interventions

Nonpharmacol ogic approaches to preserving oral
bone include oral hygiene self-care behaviors, such
as brushing and flossing; professional dental services,
including oral examination, tooth scaling, and pol-
ishing; and smoking cessation. Calcium and vita-
min D supplementation and pharmacologic thera-
pies for osteoporosis, including HRT and bisphos-
phonates, may yield positive oral bone effects [C].

9. GYNECOLOGIC AND URINARY ASPECTS

Atrophic changes of the vulva and vagina are
discussed in “Vulvovaginal Atrophic Symptoms’
above (“ Symptoms and the Menopause”). The
present section highlights the assessment of uterine
bleeding in older women, the occurrence of lower
urinary tract atrophy, and abnormalities of pelvic
floor and urinary tract.

9.1 Assessment of Uterine Bleeding

* During the menopausal transition, women
request consultation for gynecologic evaluation
when cycle irregularities start or when hot
flushes and other complaints related to hypoe-
strogenemia occur. The gynecologist may be the
only medical contact for healthy women.

« Different patterns of uterine bleeding can be

confusing when they occur in older women, and
physicians must be aert to the possibility of
genital tract pathology. Endometrial bleeding
can be linked to endometrial pathology (atrophy,
polyps, submucosal leiomyoma, hyperplasia,
adenocarcinoma) or to general pathology, dys-
functional conditions, or drugs. Dysfunctional
uterine bleeding is common between ages 40
and 50 years. The associated endometrial histol-
ogy is highly variable. In some patients with
bleeding, the endometrial histologic findings
appear out of phase with endocrine events.

In many, the endometrium will be hyperplastic
and may be secretory until the year before
menopause. In postmenopausal women,
endometrial atrophy is the most common histo-
logic finding.

Cancer is not the I ———
most common Different patterns of uterine
cause of abnormal . :
bleeing in peri- bleeding can be confusing
menopausal when they occur in older
women, but women, and physicians must
abnormal uterine -
bleeding occur- be alert to the possibility of
ring during peri- genital tract pathology.
menopause should

be considered sec-

ondary to malignancy until proven otherwise.
The most important risk factors for endometrial
cancer are obesity and menopausal use of unop-
posed estrogen, even at low dosages. See “HRT,
Related Therapies, and Cancer Epidemiology”
below, for a discussion of HRT and risk for
endometrial cancer. Endometrial hyperplasiaisa
premalignant lesion, particularly when atypiais
present. Endometrial hyperplasia but not atypia
can be reversed by the administration of progestin.

Bleeding during the estrogen-only phase of
sequential combined HRT is much more likely
to be associated with endometrial pathology
than bleeding during the progestin phase. No
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In observational
studies,

reduces the

available hormone formulation suits al women.
Prolonged and/or heavy cyclical bleeding

may be due to excess estrogen or insufficient
progestin in the sequential formula-
tion or to endometrial pathology.
Breakthrough bleeding is associated
with a hyperplastic endometrium
but may also occur with an atrophic
endometrium. Continuous adminis-

ERT

frequency of

urinary tract
infections in the
postmenopausal

years.

tration of progestins with estrogens
has been suggested to prevent the
cyclical withdrawal bleeding
associated with hormone regimens.
A high incidence of irregular bleed-
ing episodes (50 percent) has been

observed during the first year.

Transvaginal ultrasonographic measurement of
endometrial thickness provides a noninvasive
clinical indicator of endometrial status.
Endometrial thickness < 4 mm usually corre-
sponds to histologically atrophic endometrium;
thickness greater than 4 to 7 mm correlates with
increased incidence of endometrial pathology

in postmenopausal women. The exact level is
uncertain in women receiving HRT whose
endometrium is often thicker than in untreated
postmenopausal women. Present-day ultrasound
scanning cannot replace histopathol ogic assess-
ment of the endometrium in women receiving
HRT. Management of bleeding during HRT
includes observation, surgery, and specific
changes in the treatment regimen.

9.2 Lower Genital and Urinary Tract Atrophy
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The epithelium of the inner layer of the vagina
has high levels of ERs and undergoes progres-
sive loss of cells during menopause due to
estrogen depletion. Estrogen-dependent secre-
tions decrease, leading to vaginal dryness and,
in some women, vaginitis, vaginismus, and dis-
pareunia. Local estrogen proved as effective as
systemic in treatment for vaginal dryness [A].

Loss of glycogen-producing cells, a consequence

of vaginal and urethral atrophy, causes decreased
production of lactic acid and an environment
that favors vaginal and urethral infection. It is
important to identify and treat patients with
recurrent infections to prevent significant mor-
bidity, which includes risk for renal impairment.

In observational studies, ERT reduces the fre-
quency of urinary tract infections in the post-
menopausal years [D]. Its beneficia effects can
partially be explained through its support of
normal vaginal flora.

9.3 Pelvic Floor and Urinary Incontinence

All four functional layers of the urethra—
epithelium, connective tissue, vascular tissue,
and muscle—are affected by estrogen status.
Estrogen deficiency causes atrophic changes of
the urethral epithelium and of the submucosa.

Urinary incontinence (Ul) is defined by the
International Continence Society as involuntary
loss of urine that is objectively demonstrable
and isasocial or hygienic problem.

The relationship between menopause and Ul

is unknown and not well studied. Limited data
are available to support the hypothesis that
menopause isamajor risk factor for incontinence,
especialy for stress and urge incontinence.

Established Ul can usualy be divided as follows:
stress incontinence, which occurs in the absence
of detrusor activity; urge incontinence, when
detrusor muscle contracts during the filling
phase of the bladder; mixed incontinence, which
is a combination of both stress and urge inconti-
nence; and overflow incontinence, which is the
result of bladder obstruction or injury. Other
factors that can cause Ul include decreased
mobility, cognitive impairment, or medications.

Evauation and treatment for incontinence is
dependent on the type of incontinence and
the person’s age, medical history, and desire
for therapy.



9.3.1 Interventions

* In many cases, urine leakage can be prevented
or improved by improving pelvic muscle tone
through different kinds of exercises. Pelvic floor
exercises (including Kegel exercises), vagina
weight training, and pelvic floor electrical stim-
ulation significantly reduce incontinence in
RCTs[A].

» Behaviora therapies can help patients regain
control of bladder function. Bladder training
teaches people to resist the urge to void and
gradually expand the intervals between voiding.
Toilet assistance uses routine or scheduled
toileting, habit training schedules, and prompted
voiding to empty the bladder regularly to
prevent leaking.

» Pharmacological therapies for the treatment of
Ul vary accordingly to the kind of incontinence
that needs to be treated.

o Muscarinic receptor antagonists. Both
tolterodine tatrate and oxybutinine significantly
increased volume-voided/micturition and
decreased micturition and incontinence episodes
per 24 hours compared to placebo, but
tolterodine only was significantly better than
placebo in reducing micturition frequency [A].

o Hormone replacement therapy.
Uncontrolled trials showed subjective
improvement of incontinence upon estrogen
treatment, while no objective improvement in
measures of urine loss was found in RCTs
[A]. HERS found HRT to be associated with
worsening of stress Ul [A]. By reducing
potential afferent stimuli from the bladder,
such as lower urinary tract infections, estro-
gen may benefit urge incontinence [C].

o Bulking injections. Periurethral injection of
collagen in women with genuine stress
incontinence and intrinsic sphincter deficien-
cy has alow short-term cure rate and has not
been shown to improve stress incontinence
long-term [A].

o Surgical treatment. Thisintervention can
be very effective in improving or curing
stress incontinence.

10. MENOPAUSAL THERAPIES

AND CANCER
Experimental, clinical, and epidemiologica data
support an important role for reproductive hor-
mones in the aetiology of some human cancers,
including breast, endometrium, and ovary.
Whereas for common adult cancers, such as lung
and colon cancers, incidence rises continuously
and progressively with age, the slope of increase
dows around the time of menopause for most hor-
mone-dependent cancers. Worldwide, breast cancer
is by far the most frequent invasive cancer in
women and the leading cause of cancer death in
women, accounting for more than 300,000 deaths
each year. Ovarian cancer adds another 100,000
deaths each year, and cancer of the corpus uteri
adds 40,000. The issue of the effect of menopausal
therapies on risk for cancer is a critical one.

10.1 Hormone Replacement Therapy

Most of the potential favourable and adverse
effects of HRT on cancer risks are restricted to
current users.

e}

Breast cancer. In observa-
tional studies, thereisno
appreciable association
between less than 5 years of
use of HRT and risk for
breast cancer. Longer useis
associated with a small but
significant excess breast
cancer risk for current users
but not for former users.
Combined HRT may be
associated with higher breast
cancer risk compared with
unopposed estrogen.

Worldwide,
breast cancer is
by far the most

frequent invasive
cancer in women
and the leading
cause of cancer

death in women.
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o Endometrial cancer. Estrogen use is strongly
related to increased risk for endometrial can-
cer. When progestins are given for 10 days or
more per cycle, combined HRT is not related
to amajor excess risk for endometrial cancer.

o Qvarian cancer. Results of observational
studies of HRT and ovarian cancer have been
inconsistent. Available findings include the
possibility that HRT increases risk for cancer
of the ovary.

o Colorectal cancer. Observationa studies sug-
gest that HRT may reduce risk for colorectal
cancer. No clinical trial data are available.

o Other cancers. Thereis no consistent
relationship between the use of HRT and
liver cancer, other digestive neoplasms, or
melanoma

10.2 Selective Estrogen Receptor Modulators
Given the recognized adverse effects of HRT,
much recent attention has focused on assessing
alternative approaches to treating menopause,
including use of tamoxifen and other SERMs.
SERMs may offer many of the advantages of HRT
while eliminating some of the disadvantages.

o Breast cancer. SERMs may reduce risk for
breast cancer. Tamoxifen has been shown to
reduce the risk for breast cancer by almost 50
percent. One clinica study of raoxifene showed
astrikingly reduced risk.® Further studies of
tamoxifen and raloxifene are in progress.

11. NEUROLOGIC FUNCTION, MENTAL
HEALTH, AND EYE
The CNS and eye are among the many tissues
thought to be affected by hormonal changes around
the time of menopause. In the brain and eye, asin
other target organ systems, estrogen interacts with
specific intranuclear receptors and putative mem-
brane receptors to regulate intracellular processes.
HRT with estrogen or other sex steroids has the
potential to influence brain and eye functions.
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Few clinical characteristics or diagnostic proce-
dures identify subgroups of women who can bene-
fit from HRT for the prevention or treatment of
disorders of neurologic function, mental health, or
the eye [D]. Despite a strong biologic rationale,
clinical data are sparse. Thus, recommendations
regarding HRT to prevent or ameliorate the disor-
ders are necessarily limited.

11.1 Cognitive Decline

Memory and other cognitive abilities change over
time during adult life. Changes that represent
«usual» or «normal» accompaniments of aging are
not viewed as pathologic. Modest cognitive decre-
ments initially detectable in middle age are accen-
tuated at elderly age. Many studies suggest that sex
hormones influence brain function throughout life,
but there is little evidence that menopause per se
initiates cognitive deterioration, and serum estro-
gen concentrations in postmenopausal women do
not appear to be closely related to cognitive skills.

o Hormone replacement therapy. ERT may
help preserve specific cognitive skills (e.g.,
verbal memory) immediately after induced
menopause [B]. Clinical trial data of cogni-
tive function with HRT during normal aging
are limited and inconsistent [C].

11.2 Alzheimer’s Disease and Other
Neurologic Disorders

A number of neurologic conditions are associated
with aging.

o Hormone replacement therapy

= Alzheimer’s disease. HRT begun after
menopause may reduce risk of Alzheimer’s
disease [C]. In contrast, ERT begun after
the onset of dementia does not improve
Alzheimer symptoms [B].

= Stroke. HRT does not appear to modify
substantially the risk of stroke in older
healthy women [A].

= Other neurologic disorders. For many
neurologic disorders, including epilepsy,
migraine headache, multiple sclerosis, and



Parkinson’s disease, no overal positive
or negative impact of menopause or HRT
on neurologic symptoms or disability has
been described [C].

= Sleep disorders. Some sleep disturbances
occurring during the climacteric may
benefit from HRT [C].

11.3 Mental Health

Women of all ages have higher rates of depression
than men, and geriatric depression is a particularly
important public health concern. Hot flushes and
other climacteric symptoms clearly affect the qual-
ity of awoman'’s life. The menopausal transition
does not appear to represent a time of heightened
vulnerability to affective disorders.

o Hormone replacement therapy

= Mood. Hormonal changes associated with
menopause have little direct impact on
mood [C]. Limited data from studies of
women without clinical depression suggest

abeneficia effect of estrogen on mood [B].

11.4 Eye

Increasing age is often accompanied by visual |oss
or blindness, and diminished visual acuity among
older persons affects women more often than men.
Some observational studies suggest the potential
relevance of estrogen in eye disease.

o Hormone replacement therapy

= Maculopathy, cataract, and dry eye. There
islittle evidence that HRT altersrisk for
certain types of age-related maculopathy,
cataract, or dry eye[C].

12. FuTurRE NEEDS

As life expectancy continues to increase, a
challenge for the future will be to maintain and
improve the quality of life in women as they age
through better management of menopausal symp-
toms and health risks associated with menopause.
Despite exciting new research in the field of
menopause, including the availability of more

choices for intervention and major breakthroughs
in the understanding of ER-mediated effects, much
work remains to be done. The increasing number
of postmenopausal women and their increasing
longevity highlight the importance of women’s
health and well-being.

Key needs for the field of menopause in the near
future are outlined in table 1-3.

Note: Limited data from
The Women's Health studies of women
Initiative, NHLBI, NIH, is ith linical
referred to throughout this without clinica

International Position Paper.
As this document went to
press, the NHLBI stopped an
important component of the

depression suggest
a beneficial effect of

estrogen on mood.

WHI on the basis of recom-
mendations by the study’s Data and Safety
Monitoring Board (DSMB), an independent advisory
committee. The reasons for stopping this major
clinical trial of estrogen plus progestin early were
due to an increased risk of invasive breast cancer
aswell asincreasesin coronary heart disease,
stroke, and pulmonary embolism in participants on
estrogen plus progestin compared to women taking
placebo pills. There were noteworthy benefits of
estrogen plus progestin, including fewer cases of
hip fractures and colon cancer, but on balance

the harm was greater than the benefits. The study,
which was scheduled to run until 2005, was
stopped after an average follow-up of 5.2 years.
However, because the balance of risks and benefits
of estrogen alone is still uncertain, the DSMB
recommended that that component of the WHI be
continued unchanged.

Because of the importance of the information
from the estrogen plus progestin study, the results
were released early in an expedited article on
July 9, 2002 on the JAMA Website. Links to the
JAMA article and arelated editorial, can be found
at http://www.nhlbi.nih.gov/whi/hrtupd/.
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TaBLE 1-3

Women'’s Health and Menopause: Future Needs

Menopause and Aging

« Conduct more research on the biologic and psychosocia processes of menopause.

* Conduct additional longitudinal studies using prospective observational designs and large cohorts on the natural
history of menopause representing women from a broad array of racial/ethnic and socioeconomic backgrounds.

 Undertake additional menstrual diary research with concurrent hormone measures, to establish biomarkers of
women’s proximity to menopause.

* Undertake additional research on fertility and contraception in the perimenopause.

« Further understanding is needed about the reciprocal influences of lifestyle, decision to use HRT, and quality of life.

* Providing women and their families with balanced information about menopause, fostering positive attitudes
towards aging and menopause, and encouraging healthy lifestyles may improve their health and quality of life
related to menopause.

Symptoms and the Menopause

* Better document the natural menopausal transition through prospective investigations to distinguish
menopause-related changes from those of aging or disease.

« Conduct questionnaire studies validating phytoestrogen intake against metabolic measures of metabolitesin
different cultural settings.

* Conduct alarger RCT of phytoestrogen supplementation, including metabolic measures of metabolite levels.

Sociocultural Issues

 Undertake better controlled population-based studies using standardized instruments adapted to the culture studied.

* Develop an interactive psycho-bio-cultural model of menopause.

* Disseminate research results within cultures under study, so that women can make their own decisions about the
need for and choice of interventions and treatment strategies.

» Conduct more interdisciplinary research for a better understanding of interactive factors.

Physiological Role of Estrogen and Estrogen Receptors and Pharmacologic Modulation
of Estrogen Receptor Activity

* Further characterize a possible antiproliferative role of ER( in the uterus and mammary gland.

« Determine the physiologic functions of ERp in the ovary (role in polycystic ovarian syndrome?), bladder, urethra,
bone, cardiovascular system, immune system, and CNS.

* Develop ERa- and ER[-specific agonists and antagonists for experimental and therapeutic purposes.

« Attain different profiles of action for exogenous estradiol through use of different formulations.

* Obtain higher specificity of action by identification of new target molecules involved in gene transcription.

* Increase knowledge of the mechanisms involved in ER activation through membrane receptors to develop new
pharmacologic compounds acting along these pathways.
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TaBLE 1-3 (continued)

Sexuality

* Improve understanding of the natural hormone changes that occur with aging and menopause, and of the roles of
endogenous estrogens and androgens in women's sexuality.

* Develop standardized methods to measure libido in women.

* Better define the determinants of sexual health, including sexual desire and arousal, in postmenopausal women.

* Increase knowledge about the effects of medications on female sexuality in postmenopause, including the role of
therapeutic hormonal and nonhormonal agents in the treatment of sexua dysfunction.

* Improve the transmission of information to postmenopausal women about sexual health.

Cardiovascular and Pulmonary Disease

* Conduct urgently needed randomized controlled clinical trials to investigate the potential benefits and risks of
different hormone preparations in women with and without prior CHD.

* Investigate low dosages of oral estrogen, nonoral preparations, SERMs, and androgens in randomized trials with
clinical outcomes.

* Except for asthma, very little data exist on the effect of menopause or HRT on the respiratory system, and
investigation of the effects on important disease entities should be considered.

Osteoporosis and Oral Bone Loss: Risks and Therapy

* Develop noninvasive tools to measure bone quality or bone strength inexpensively.

* Develop pharmacologic agents that will stimulate bone formation and restore lost bone. All currently approved
drugs are antiresorptive.

* Develop new pharmacologic agents for osteoporosis that are bone-specific and that can be used indefinitely.

* Improve knowledge of the association between oral bone and the rest of the skeleton, in particular as related to
therapeutic benefit.

Gynecologic and Urinary Aspects

» Obtain additional data on the determinants of endometrial function and the specific effects of ovarian hormones
on skin and different urogenital mucosae.

* Develop new ERa and ER[3 agonists and antagonists as well as new progestins.

* Develop sensitive methods for early diagnosis at the molecular level of estrogen defects in various tissues.

* Develop noninvasive methods of endometrial testing.

* Improve knowledge of the relationship between HRT and the pelvic floor, including UI.

* Develop reliable, easy-to-use diagnostic indexes for pelvic floor and urinary syndromes.

* Develop new pharmacologic agents for the treatment of UI.

* Design clinical trials to properly assess the relationship between SERMs and pelvic organ prolapse.
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TaBLE 1-3 (continued)

Menopausal Replacement Therapies and Cancer Epidemiology

* Further quantify the breast cancer risk of estrogen and estrogen-progestin regimens.

* Improve understanding of the relation between the use of HRT and risk for breast cancer according to age.

« Further investigate the (potentially favorable) biologic effects of HRT on the biologic characteristics of
breast tumors.

* Undertake additional studies on the use of HRT in women with a diagnosis of breast cancer.

* Better quantify risk for endometrial cancer with combined HRT.

* Obtain additional data on the use of HRT and risks for cancers of the ovary, colon and rectum, lung, liver,
and melanoma.

» Conduct additional research regarding cancer risks of the use of tamoxifen and other SERMs, as well as so-called
natural therapies for postmenopause.

* Conduct RCTs to obtain data for the effects of SERMs on risks of various cancers.

Neurologic Function, Mental Health, and the Eye

* Explore the possibility that SERMs may act as estrogen antagonists as well as agonistsin the brain or eye.

» Conduct cohort studies from representative populations and randomized controlled clinical trials to assess potential
hormonal effects on age-associated cognitive decline, risk for Alzheimer’s disease and vascular dementia, mood,
macular degeneration, and other disorders of neurologic function, mental health, and eye.

» Evaluate the effectiveness of combination replacement therapy with estrogen plus a cholinomimetic drug in RCTs
for women with Alzheimer’s disease.

* Evaduate in RCTs the potentia effects of HRT on primary prevention of Parkinson’s disease and on symptoms of
Parkinson's disease.

* Determine in RCTs whether estrogen combined with antidepressants or antipsychotic drugs might enhance effects
of these medications in depressive disorders and schizophrenia, respectively.

e Determine in long-term RCTs whether HRT might reduce incidence of age—-associated maculopathy, cataract,
or dry eye.

* If beneficial effects of HRT are confirmed, undertake basic and clinical research to define mechanisms of action,
optimal choice, timing of therapy and duration of usage of estrogen or SERMs, and potential modifying effects of
progestin cotherapy.
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CHAPTER 2: THE MENOPAUSE AND AGING

Martin H. Birkhauser, M.D.;* Lorraine Dennerstein, A.O., M.B.B.S, Ph.D., D.PM., —
FRAN.Z.C.P;" Sherry Sherman, Ph.D.;* Nanette Santoro, M.D.¢ Dramatic increases

in life expectancy
KEY POINTS? have led to women
. . ) ) expecting to live
1. Dramatic increases in life expectancy have led to women expecting to live more than a .
third of their lives after menopause. more than a third

2. The onset of menopause may affect progressive age-related changes in function and of their lives after

structure of body tissues and systems. menopause.

3. Thereisalack of consensus as to whether the biological and psychological changes
occurring during the menopause transition or presenting later in life are attributable to menopause and
reduced ovarian function or to aging.

4. Thetiming of menopause may substantially influence subsegquent morbidity and mortality.

5. Menopause cannot be said to have occurred until there have been 12 months of amenorrhea for which there
is no other obvious pathological or physiological cause. Contraception is still needed during the menopause
transition.

Endocrine changes begin years earlier. FSH and estradiol changes are maximal in the year of the FMP.
The endocrine changes of menopause do not include any acute or sudden decrease in androgens.

Menopause research has to address identified methodologic difficulties.

© © N o

There is considerable individua and racial/ethnic variation among women in the age of menopause and in
their manifestation of perimenopausal signs, symptoms, and menopause-rel ated sequelae.

10. Influences of the menopause on health may affect awoman’s quality of life.

* From the Division of Gynaecological Endocrinology. Department of Obstetrics and Gynaecology, University of Bern, Switzerland.
" From the Office for Gender and Health, Department of Psychiatry, University of Melbourne, Royal Melbourne Hospital, Parkville, Victoria, Australia.
*From Clinical Endocrinology and Osteoporosis Research, National Institute of Aging, NIH, Bethesda, MD, U.SA.

8 From the Division of Reproductive Endocrinology, Department of Obstetrics, Gynecology, and Women's Health, Albert Einstein College of Medicine,
Bronx, NY, U.SA.

2 Evidence categories are given in square brackets. A = randomized controlled trias (rich body of data); B = randomized controlled trials (limited data);
C = nonrandomized trials and observational epidemiologic studies; D = Panel expert judgement. (See also table 1-1.)
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1. INTRODUCTION elderly have been increasing in number for some

The third millennium begins with vast potential time, the pace of population aging has accelerated
from unprecedented advances in medicine, tech- during the past century, resulting in the “graying” of
nology, and public health. societies across the world as striking reductions in
_ Major achievements over mortality have combined with declinesin fertility
~.Remarkable increase o yag century in the con- to produce arate of expansion of the older popula-
in the proportion of quest of infectious and par- tion that has outpaced total population growth.?
women over fifty in the ~ atic diseases, progressin In the industrialized nations of Europe, Asia, and
opulation. which has nutrition and education, North America, this phenomenon has been a
pop ' reductions in maternal and prominent issue. However, accelerated population
tripled since the turn infant mortaliw, athough aging in less-developed countries, where increases
of the 19th century. occurring unevenly on a in the rate of growth of the older population are
global scale, have resulted surpassing those in more-developed nations, has
in dramatic increases in life been underappreciated. Accommodating increases
expectancy and burgeoning numbers of older indi- in the proportion of older individuals may be espe-
viduals (figs. 2-1 and 2-2).* Although the world’s cially challenging to countries that are less-devel-

FiIGure 2-1

An Aging Population: Population Aged 65 and Above, 1996

u+.
r"‘""h

Proportion of population
[ 1<5% Bl 15-19%
£ B 5-9% [ 1 No data available
Modified with permission from WHO, 1998 Bl 10-14%
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oped and are less prepared to address the economic,
social, cultural, and medical uncertainties, com-
peting priorities vis-a-vis enhanced life expectancy,
and the desire to maintain quality of lifeinto the
very late years of life?

In the developed world, mean life expectancy for
women since 1900 has increased from 50 to 81.7
years. Particularly striking is the remarkable
increase in the proportion of women over fifty in
the population, which has tripled since the turn of
the 19th century.? Population projections estimated
approximately 467 million women in the world to
be aged 50 years and older in 1990. By the year
2030, this number is expected to grow dramatically
to 1,200 million. The numbers of postmenopausal
women in the developing world are anticipated to

FIGURE 2-2

increase much more rapidly than those in the
industrialized world. From 1990 to 2030, the rate of
growth of the postmenopausal population will
decrease from 1.5 to 1.0 percent in the industrialized
world, while averaging between 2 and 3.5 percent
in less-developed countries. Therefore, during this
period, the proportion of postmenopausal women
in more developed countries is expected to decline
from 40 to 24 percent, whereas it will increase
from 60 to 76 percent in less-developed countries.

Accelerated population aging has led to a major
epidemiological trangition in the leading causes of
death from infections and acute diseases to the
chronic and degenerative diseases of old age (such
as malignant neoplasms (see ch. 11), cardiovascu-
lar and cerebrovascular diseases (see ch. 8), osteo-

An Aging Population: Population Aged 65 and Above, 2020

Proportion of population
CI<5% Bl 15-19% /
[ 5-9% Il 20%+

I 10-14% [ 1 No data available

Modified with permission from WHO, 1998*

25



FIGURE 2-3

Diabetes Mellitus. Estimated Prevalence Among Adults, 1997

Number of persons (000)

<5 Bl 350-1500
B 5-74 Hl >1500
Modified with permission from WHO, 1998 Bl 75-349 [ ] No data available
——  )0I0SIS (See ch. 9), and dementia 1970s has led us to challenge the concept of an
Approximately 467 (see ch. 12). The incidence of inevitable, inexorable, unified progression toward
- . some metabolic diseases, such debility and infirmity before death. Now aging is
million women in . L .
as diabetes mellitus, isincreas- appreciated as the heterogeneous product of a
the world ... aged ing (figs. 2-3 and 2-4).* genetic disposition being revealed under variable
50 years and older ~ Degenerative processes, such as environmental, behavioral, psychosocial, and eco-
_ macular degeneration or pro- nomic conditions, many of which are amenable to
in 1990. By the year gressive lens opacity, have been profound change with existing as well as emerging
2030, this number linked to prolonged estrogen new strategies.
is expected to grow deﬂuencyﬁAnothq _S‘UC_’V SHows Aging is associated with progressive structural,
dramatically to giteiﬂnr:;igﬁgglk functional, endocrine, and metabolic aterationsin
_ _ _ avariety of tissues and systems, many of which
1,200 million. Increasing with a‘?ef‘ However, have been implicated in subsequent impairmentsin
increasingly sophisticated

20T _ physiological, physical, psychosocial, and cogni-
research in aging since the mid-
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FiIGure 2-4

Diabetes Mellitus. Estimated Prevalence Among Adults, 2025

Number of persons (000)
<5 I 350-1500
B 5-74 Bl >1500
B 75-349 [ ] No data available

Modified with permission from WHO, 1998!

tive functioning. A critical tenet in aging research,
which isaimed at understanding, modifying, or
preventing age-related morbidity, disability, and
death, is the importance of differentiating changes
due to disease and other pathologic processes from
those attributable to aging per se. To better under-
stand the etiology of age-related disease in women,
it isimportant to additionally ascertain the inde-
pendent role of menopause and its interaction with
aging. Thereislittle consensus as to the signifi-
cance of menopause in healthy aging, and consid-
erable controversy exists as to the scope of the
physiological and psychological changes surround-
ing menopause or presenting later in life that are
attributable to menopause and reduced ovarian

function. Future advancesin preventing and man-
aging diseases and disorders in middle-aged and
older women will require more careful delineation
of those diseases and disorders that are attributable
to menopause and reduced ovarian hormone levels
versus those diseases that are not. Such advances
are critically needed to clarify ambiguitiesin the
presentation of age-related disease, to improve
diagnosis and treatment, and to constrain health
care Costs.

The most profound and universal alteration in the
mature aging endocrine system occurs in women
and is due to menopause. However, while
menopause is a universal phenomenon in women,
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Smoking is associated
with a menopause
which occurs 1to 2

years earlier than in

there is considerable individua variation among
women in the age of menopause and in the mani-
festation of perimenopausal signs and symptoms as
well as what may be considered menopause-related
sequelae. The perimenopausal and postmenopausal
experience encompasses a complex interaction of
sociocultural, psychologi-
cal, and environmental fac-
tors as well as biologica
changes relating strictly to
altered ovarian hormone
status or deficiency. In the
United States and many

nonsmokers. Western countries, the peri-

menopausal experienceis
usually perceived largely in negative terms—as a
transitional phase dominated by disturbing physical
and mental symptoms. It has been suggested that
highly negative characterizations of menopause
may be due to an over-sampling of clinic-based
populations of perimenopausal women, who, seek-
ing treatment for symptoms, were more readily
available for study and whose experiences repre-
sented the extremes of a difficult transition.
Importantly, our knowledge base on menopause is
extremely narrow in that the majority of studies
have been of white women (of northwest European
ancestry); very little is known about the range of
perimenopausal experiences in women of other
racial/ethnic groups. The sociocultural and behav-
ioral antecedents and consequences of menopause
have also not been well addressed, and major gaps
exist in understanding factors that may profoundly
influence the perception of, and response to, peri-
menopausal symptoms and sequelae. (See ch. 4).5

The age of menopause and the timing of the onset
of changes in the endocrine milieu may have
profound implications for subsequent morbidity
and even mortality. Women reporting an earlier
menopause are reported to be at greater risk of
CVD disease® and osteoporosis’ but at a reduced
risk of breast cancer.! However, data are conflict-
ing, and methodological difficulties in assessing
the relationship between age at menopause and the
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risk of subsequent conditions and diseases of aging
abound in the literature base.

Although estimates for the median age of
menopause range from 45-55 years of age world-
wide® and between 50 and 52 years of age in white
women from industrialized countries, our under-
standing of the determinants of, or factors which
influence the age at, menopause is limited, with
conflicting findings between studies commonly
found. A prominent role appears to be played by
race/ethnicity and lifestyle and sociocultural fac-
tors.** Recent studies have suggested that compared
to white women, menopause is experienced at a
later age in Japanese women and at a younger age
in African-Americant and Latin American? women
and in women living in less-developed countries.
Of all the variables studied, the most consistent
relationship has been for smoking, which is associ-
ated with a menopause which occurs 1 to 2 years
earlier than in nonsmokers.** Reproductive variables,
including later age at menarche, oral contraceptive
use, longer menstrual cycle length, and parity, have
been (albeit inconsistently from study to study)
associated with an older age at natural menopause.
Other studies have shown an earlier menopause to
be associated with lower socioeconomic status,
lower educational attainment, low body mass
index (BMI), or being on a weight-reducing diet.

2. AGING IN WOMEN

Aging is associated with profound changes in body
composition. For reasons that are incompletely
understood, as they age, both men and women lose
bone and muscle and increase their proportion of
fat mass. These changes are of great public health
significance, particularly as their associated struc-
tural (e.g., diminished muscle and bone strength)
and metabolic (e.g., glucose intolerance, hyperin-
sulinemia) sequelae have been implicated in the
development of frailty and morbidity (including
heart disease, hypertension, osteoporotic fractures,
and osteoarthritis).



Sarcopenia, defined as reduced muscle mass, is a
well-known consequence of aging and occursin
parallel with reductions in muscle strength and, to
some extent, muscle quality.” Importantly,
decreased muscle mass and strength can impair
physical performance in the elderly and are associ-
ated with an increased risk of physical frailty,
declines in functional capacity, impaired mohility,
and falls.*®

A recent study suggests that the menopause transi-
tion is associated with deleterious changes in body
composition and fat distribution, promoting the
selective accumulation of fat in the intra-abdomi-
nal compartment. However, while increases in total
and central adiposity were observed, no differences
in fat-free mass were noted, which suggests that
menopause may have less impact on the processes
promoting muscle loss.”

As both men and women age, collagen synthesis is
reduced, and the skin becomes progressively thin-
ner and wrinkled. The decrease in collagen synthe-
sisis similar in other connective tissues and in
tissues rich in collagen, such as the conjunctiva
and articulation capsules. Although ERs are
present in the skin,® thus defining this tissue as a
target tissue—and it is widely believed that estro-
gen deficiency affects epithelial tissues—thereisa
dearth of prospective observational data using vali-
dated methods to assess skin qudlity in different
racial/ethnic groups exposed to varying environ-
mental factors. Importantly, the ability to differen-
tiate the effects of menopause from those of aging
isvery limited as skin quality can be substantially
influenced over time by genetic, smoking, and
environmental influences, particularly ultraviolet
exposure, which can cause premature aging of the
skin. There is evidence from experimental studies
that estrogen can stimulate collagen biosynthesis
and maturation in animal models® and increase
skin collagen content in humans.? Estrogen usein
humans has been associated with greater collagen
content, thickness, elasticity, and vascularization.?
Increasesin facial hair, temporal hair loss, and

deepening of the voice often observed in elderly
women have been linked to the relative androgen
dominance after menopause.
Evidence suggests that estro-
gen administration can pre-
vent hair 10ss,*# and the fre-
quent complaint of “dry eyes’
(keratoconjunctivitis sicca).®
However, there have been few
RCTs demonstrating major
benefits of HRT on the skin,
hair, or sensory organs, such
asthe eye.

——
Recent studies have
suggested that
compared to white
women, menopause
is experienced at a
later age in Japanese
women and at a
Because aging is associated younger age in
with decrements in both skin

thickness and BMD, it has

African-American

and Latin American

often been postulated that .
measurement of the thickness women and in
of skin can be used to predict women living in less-

the risk of osteoporosis after
menopause. However, despite
significant statistical correla-
tions between skin thickness and bone mineral
content (BMC), the risk for osteoporosis cannot be
accurately deduced from skin thicknessin an indi-
vidual patient. >

developed countries.

3. DEFINITIONS

The word “menopause” (“ménespausie”) was used
for the first time in 1816 by Gardanne.® Initialy,
the phenomenon of menopause was explained as a
deficiency of ganglionic regulatory functions. In
1910, Marshall* recognized that the ovary should
be classified as an endocrine organ. From the
endocrine perspective, the menopause represents a
primary ovarian insufficiency and has an inception
between the ages of 40 and 56 years, with a mean
age of 51 years.® From a scientific perspective,
natural menopause coincides with the FMP, and
this cannot be determined until there have been'
months of amenorrhea.® This definition is based on
clinical epidemiological evidence that the probabil-
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ity of resumption of menstruation after 12 months
of amenorrhea s vanishingly small.»®

Much confusion has been caused by differing defi-
nitions used in relationship to changing ovarian
status. Definitions were provided by the World
Health Organization (WHQ) Scientific Group on
Research on the Menopause in the 1990s.° More
recently, these definitions and others were considered
by the Council of Affiliated Menopause Societies
(CAMYS) of the International Menopause Society
(IMS). The only change recommended to the WHO
definitions was the inclusion of the term “climac-
teric,” considered by many clinicians to be descrip-
tive of this phase of life. The list of menopause-
related definitions given below was approved by
the IMS in October 1999, in Yokohama, Japan.®

FIGURE 2-5

TERMS SOURCE

Menopause (natural menopause) WHO
The term “natural menopause” is defined as the
permanent cessation of menstruation resulting
from the loss of ovarian follicular activity. Natural
menopause is recognized to have occurred after
12 consecutive months of amenorrhoea, for which
there is no other obvious pathological or physio-
logical cause. Menopause occurs with the FMP,
which is known with certainty only in retrospect a
year or more after the event. An adequate biologi-
cal marker for the event does not exist.

Relationships Between Different Time Periods Surrounding the Menopause

Mean age 1 year
51 years later

Climacteric

Menopausal transition

Perimenopause

Postmenopause

Final menstrual period (FMP)
Menopause
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Perimenopause WHO
The term “perimenopause” should include the
period immediately prior to the menopause (when
the endocrinological, biological, and clinical
features of approaching menopause commence)
and the first year after menopause.

Menopausal transition WHO
The term “menopausal transition” should be
reserved for that period of time before the FMP
when variability in the menstrua cycle is usually
increased.

Climacteric IMS
This phase in the aging of women marks the transi-
tion from the reproductive phase to the nonrepro-
ductive state. This phase incorporates the peri-
menopause by extending for alonger variable
period before and after the perimenopause.

Climacteric syndrome IMS
The climacteric is sometimes, but not necessarily
always, associated with symptomatology. When
this occurs, it may be termed the “climacteric syn-
drome.”

Premenopause WHO
The term * premenopause” is often used ambigu-
ously to refer to the 1 or 2 years immediately
before the menopause or to refer to the whole of
the reproductive period prior to the menopause.
The group recommended that the term be used
consistently in the latter sense to encompass the
entire reproductive period up to the FMP.

Postmenopause WHO
The term “ postmenopause” is defined as dating
from the FMP, regardless of whether the
menopause was induced or spontaneous.

Premature menopause WHO
Ideally, premature menopause should be defined
as menopause that occurs at an age more than

two standard deviations below the mean estimated
for the reference population. In practice, in the

absence of reliable estimates of the distribution of
age at natural menopause in populations in devel-
oping countries, the age of 40 yearsis frequently
used as an arbitrary cutoff point, below which
menopause is said to be premature.

Induced menopause WHO
The term “induced menopause” is defined as the
cessation of menstruation, which follows either
surgical removal of both ovaries (with or without
hysterectomy) or iatrogenic ablation of ovarian
function (e.g., by chemotherapy or radiation).

Figure 2-5 shows the relationships between
different time periods surrounding the menopause.

4. PHYSIOLOGY

The process of the menopausd transition appears to
take about a decade. The earliest signs of this transi-
tion are (1) shorter menstrua cycles by 2—-3 days and
(2) infertility. After birth, the number of oocytes
continuoudy decreases. At puberty, 1 million cocytes
are left.® This number decreases to 0.3 million by
the age of 20 years.® Menopause is marked by the
exhaustion of the ovarian supply of oocytes.®
Although only approximately 400 follicles or less
than 0.01 percent of all oocytes proceed through
ovulation between menarche and menopause,**
long-standing amenorrhea or the prolonged intake of
acontraceptive pill does not seem to postpone
menopause.”* Reduced fertility due to the aging
process of the oocytes and to abnormal follicular
maturation is the first Sign of ovarian aging. After the
age of 40, about 30-50 percent of all cycles show

an abnormal basal temperature.®* Two to eight years
before menopause, the incidence of lutea insuffi-
ciency and anovulatory cycles increases,” resulting
in a higher incidence of persisting follicles and dys-
functional bleeding. Shorter menstrual cycles appear
to be detectable at about age 38-40.3* The subtle
but common shortening of the intermenstrua interval
isclinicaly valuable, asit seems to be predictive of
other perimenopausal changes.
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Subtle reproductive hormonal changes occur in the
face of these minor cycle changes. FSH appears to
rise throughout reproductive life, but the elevation
becomes obvious in the late thirtie/early fortiesin
women.” Although it is elevated for most of the
menstrual cycle, early follicular phase FSH concen-
trations are most easily discriminated from “nor-
mal” concentrations on cycle days 2-5. An elevat-
ed FSH is a harbinger of menopause, athough it
may still be many years away, and has clearly been
shown to augur poorly for future fertility. Itisa
poor predictor of age at menopause, however, and
the clinician cannot make any conclusions on the
timing of an individual woman’s menopause based
upon the presence or degree of FSH elevation.®

On the other hand, as long as the active follicular
phase permitting the maturation of healthy follicles
remains stable and the luteal phase normal, fertility
is maintained. Therefore, contraception is still
needed during the menopause transition, despite
moderately elevated FSH levels. An isolated ele-
vated serum FSH level is not proof of the occur-
rence of menopause and is not sufficient to consider
a perimenopausal woman infertile so that she
could cease reliable contraception.®

4.1 Clinical Factors

Environmental influences may alter the ovarian
aging process. Smoking advances the age of
menopause by about 2 years.® Recent studies sug-
gest that high levels of galactose consumption may
do the same. However, most of the determinants of
menopause are innate. Familial and genetic factors
appear to be the most predictive at present.* One
recent study described an ERa polymorphism that
is associated with a 1.1 year advancement in the
age at menopause and a nearly threefold RR of
hysterectomy for benign disease.® Ovarian surgery,
adhesions, and pelvic endometriosis appear to be
associated with poor ovarian stimulation for in
vitro fertilization and perhaps are also risk factors
for early age at menopause.®
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Menstrual cyclicity is currently the best indicator
of menopausal status. The large variability in inter-
menstrual intervals that occurs at this time of life
probably reflects a combination of short cycles®
and skipped cycles. Treloar et a.* reported a
detailed analysis of intermenstrual intervals of
women encompassing over 20,000 menstrual
cycles. Variability of cycle length was enormousin
both the perimenarcheal years and the years of
menopausal trangition. Cycle length shortening is
probably due to elevated FSH levelsin the early
follicular phase/late luteal phase of the cycle.

The classic characterization of the menopause tran-
sition was provided by Sherman and Korenman
(1975).“ Six women were followed in detail up to
and including the actual last menstrual period.
Their data described the key features of the
menopause transition, which are still under investi-
gation today, almost 20 years later: (1) a
monotropic rise in FSH secretion, (2) continued
folliculogenesis and evidence of ovulation up to the
FMP, and (3) periods of hypoestrogenemia con-
comitant with large FSH rises. The loss of inhibin
restraint was first hypothesized by this group.

Metcalf followed perimenopausal women longitu-
dinaly throughout their forties and fifties.”® This
characterization of the perimenopause included the
observation that the key feature of passage
“through” menopause was the subsequent complete
absence of |uteal activity. Therefore, a permanent
failure of ovulation is the cardinal observation.
Within the first year after awoman’s FMP, vari-
able estrogen excretion was observed; thereafter,
estrogen excretion was abidingly low and basal .“#*
These results have been confirmed by othersin
serum studies.

Using 6 years of prospective annual measures,
Burger et al. reported that mean FSH levels began
to increase from about 2 years before the FMP,
increasing most rapidly about 10 months before
the FMP, and had virtually plateaued by 2 years
after the FMP® Mean estradiol levels started to



decrease about 2 years before the FMP, decreased
most rapidly around the time of the FMP, and had
virtually plateaued by 2 years after the FMP.

Klein et . reported the endocrinology of follicles
and peripheral hormones in women in their early
forties.s* Shortened follicular phases, apparent
accelerated folliculogenesis, and a monotropic
FSH rise were al confirmed in these women.
Follicle fluid was aspirated and compared to
younger controls. Follicle fluid in reproductively
aged women contained more estradiol and less
insulin-like growth factors than younger women,
despite fewer granulosa cells per follicle.™ Oocytes
contained aberrant meiotic spindles in abundance,
evidence for chromosomal damage to the oocyte
either dueto its age alone or to inappropriate
paracrine/endocrine cues.” These data emphasize
that reproductive aging begins earlier than previ-
oudly believed (as early as age 40) and is happen-
ing in avery significant way before menstrual
cycles become irregular and certainly before
women notice any symptoms. This becomes partic-
ularly poignant in the office setting when healthy
women in the older reproductive age group are
informed of their poor fertility potential despite
their robust, asymptomatic status.

Santoro et a.* observed a small cohort of women
in the mid-perimenopausal years when menstrual
cyclicity was beginning to deteriorate. Compared
to younger women, these perimenopausal women
had evidence of greater estrogen excretion in con-
junction with elevated FSH and LH concentrations
and decreased luteal phase progesterone metabolite
excretion.® | rregularities of menstrua cyclicity
were characterized by occasionally dramatic excur-
sions of estrogen well beyond the normal range for
younger women. Thus, “skipped” cyclesin the
perimenopause may be due to either failure of fol-
liculogenesis and hypoestrogenemia or accelerated
and sustained estrogen secretion. These findings
have recently been confirmed in alarger, epidemi-
ologic sample of perimenopausal women.* The
common gynecological problems of women in the

perimenopause, such as dysfunctional uterine
bleeding, growth of uterine leiomyomata, and the
frequent utilization of dilatation and curettage
(D& C) and hysterectomy for women in this age
group, may be explained by the persistence of
these hormonal patterns.

4.2 FSH, Inhibins, and Reproductive Aging

The monotropic rise in FSH that accompanies the
onset of the menopause transition has
been known since the 1970s.” At that
time, the prevailing notion was that a

The available

lack of inhibin “restraint” of FSH data shows
caused the elevation, the so-called that after
“inhibin hypothesis.”#" Inhibins are

molecules in the transforming growth hysterectomy
factor-f3 (TGF) peptide superfamily. menopause

(Seedsoch. 5, sec. 6.) They are
produced by the granulosa cells of the
ovary. They are heterodimeric, consisting of a
common a pha subunit and a specificity-providing
beta subunit. Inhibin A appears to be expressed in
large, dominant follicles and the corpus luteum
while inhibin B appears to be a product of small
follicles.® Although they were believed to act via
specific binding to a cell surface receptor, inhibin
receptors have only recently been identified.*

occurs earlier.

Thus, two decades after it was proposed, the inhib-
in hypothesis has been confirmed by measurement.
Diminished inhibin A and B have been reported in
the circulation of older reproductive-aged
women.* Elevated FSH in perimenopause may
be more tightly linked to this loss of inhibitory
tone, rather than to decreased estradiol production
by the perimenopausal ovary. At the early stages of
the menopause transition, women appear to be
estrogen replete and do not demonstrate evidence
of decreased estradiol until they are within several
years of their FMP®% |n fact, in some peri-
menopausal women, the elevated FSH may lead to
“overshoot” and the consequent production of sup-
raphysiological amounts of estradiol . Follicular
phase inhibin B appears to be detectably decreased
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high incidence of
hysterectomy in

some countries,

this observation is

clinically relevant.

in the early perimenopause, concomitant with the
risein FSH.* As the transition progresses, follicu-
lar phase inhibin A declines detectably as well,
perhaps as a later event.*

In addition to these early changes in inhibin A and
B, activin A has been shown to be elevated in peri-
menopausal women.®% Activins are the beta
homodimers of the inhibin molecules and exist as
activin A and B. While they clearly play aloca
rolein pituitary FSH secretion, their ability to

act as endocrine factors influencing the production

eeseeeee—————— Of FSH is Not established.
Considering the

Moreover, activins circulate
bound to follistatin, their serum-
binding protein. The relatively
high affinity of follistatin for
activin, aswell asits abundance
in serum, suggests that activin
may exert most of its effectsin a
paracrine or autocrine, and not

endocrine, fashion.

4.2.1 Androgens in the Perimenopause
Circulating androgens in women reflect contribu-
tions from adrenal, ovarian, and peripheral
sources. When relatively stable adrenal hormones,
such as dehydroepiandrosterone sulfate, are mea-
sured, adramatic decline is observed across the
adult lifespan.®® An independent effect of the
process of menopause on circulating adrenal
androgens has not been observed.

Together with the age-related decline in adrenal
androgen production, ovarian androgens, particu-
larly testosterone and androstenedione, decrease
throughout adult life as well.** Metabolites of
dihydrotestosterone demonstrate the most precipi-
tous declines between the ages of 20 to 40 years.®
While some studies suggest that a small
menopaLise-associated decrease in testosterone
occurs,®% other longitudinal, prospective studies
have not documented any acute decrease in testos-
terone or androstenedione associated with the
menopause transition.®™ The modification of
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testosterone bioavailability by sex hormone
binding globulin (SHBG) may play arolein peri-
menopausa physiology; however, it is controversial
as to which direction SHBG changes across
menopause, with some studies observing a
decline®”™ and others an increase.* It seems clear
that the major decline in circulating testosterone
occurs well before the menopause transition.®
Based upon current well-designed studies and
including observations about both adrenal and
ovarian androgens, the medical “myth” that
menopause is associated with an acute drop in
androgens does not appear to be tenable any longer.

4.2.2 Neuroendocrine Changes

The loss of “positive feedback,” that is, the ability
to respond to an estradiol challenge with an LH
surge, appears to be another feature of the peri-
menopause which leads to potential morbidity for
women.” It isunclear why this ability islost, asit
appears to be regained in the postmenopause,
when LH surges in response to estrogen challenge
have been well documented.™ Perhaps the other
concurrent abnormalities of the endocrine milieu
predispose women to this temporary state. It may
be the result of enhanced susceptibility to the neg-
ative feedback of estradiol .

Whereas in young premenopausal women estradiol
is the major circulating estrogen, estrone becomes
the dominant estrogen after menopause. Estrone is
produced primarily by peripheral aromatization of
androgens.”™ Aromatization takes place in the adi-
pose tissue, muscle, bone marrow, skin, brain, and
other tissues. Estrone is less potent than estradiol.
The postmenopausal concentration (20 to 60
pa/mL) of estrone equals or surpasses the range
observed in healthy premenopausal women. The
conversion of androgens to estrogens (mostly
estrone) increases from approximately 1.4 to 2.7
percent in premenopausal compared to post-
menopausal women.



4.3 Menstrually Defined Menopausal Status
Most observational studies of changesin health
outcomes related to menopause have tried to sub-
characterize the perimenopausal years based on
changes in menstrual status.” The Korpilampi
Workshop in 19857 defined the boundary between
the premenopausal and perimenopausal states by the
reporting of changes in menstrual flow and/or reg-
ularity. They identified that the reliability of such
definitions for predicting the further movement to
postmenopause had not been sufficiently studied.

Brambilla et al.” proposed a method for opera-
tionally defining the onset of perimenopause as (1)
a self-report of 3 to 12 months of amenorrhea, and
(2) for those without amenorrhea a self-report of
increased menstrual irregularity. They stated that
vaidation of this definition would require the
examination of longitudinal hormonal changes
with changes in the menstrual cycle.

Using prospective data, the Melbourne Women's
Midlife Health Project™ found that women who
reported not having had a menstrual period in the
last 3-1 months were older, had lower estradiol
and inhibin levels and higher FSH, and were more
likely to report hot flushes and to self-rate them-
selves as having started the menopausal transition,
compared with women who had menstruated in the
last 3 months. Subsequent analysis from the same
project compared retrospective self-reports of men-
strual status with prospectively kept menstrual
diary data”™ for women reporting at least one men-
strual period during the previous 3 months. This
study found that no significant agreement exists
between retrospective self-reports and prospective
diary-based measures of change for cycle frequen-
cy nor for flow. Thus, retrospective self-reports at
interview of changesin menstrual frequency and
flow should not be regarded as reliable measures
for the purpose of determining menopausal status.

4.3.1 Hormone Measures

Relatively few studies have undertaken any hor-
monal determinations. Endocrine change occurs
for some years prior to the cessation of
menopause,® so it is important to acquire measures
while women are still menstruating regularly, some
years before menses cease. Other issues involved
in hormone measures have been those of the fre-
quency of sampling (annual versus daily or weekly),
type of sampling (plasma, urine, salivary), phase
of the cycle sampled, and the presence of floor
effects due to the lack of sensitivity of assays at
the lower levels of estradiol and inhibin, which
occur in the postmenopause.

4.3.2 Age and Length of Followup

Age at baseline and length of followup are impor-
tant issues. Followup has often been only in the
order of 3 years.”* The Melbourne Women's
Midlife Health Project found that after 3 years of
followup, only 12 percent
of women had become nat-
urally postmenopausal (12
months of no bleeding

after reaching their FMP).
At the end of 7 years of
followup, only 39 percent
of the women in this

cohort were naturally post-
menopausal, reflecting
splintering of the sample as
well as length of followup.

Whereas in young
premenopausal women
estradiol is the major
circulating estrogen,
estrone becomes the
dominant estrogen after

menopause.

4.4 Natural Menopausal Transition Versus
Induced Menopause

A magjor problem in menopause research has been
to establish the health experiences associated with
natural menopause and how these may differ when
menopause is induced. A number of studies suggest
that symptom experience is likely to be worse
when women have undergone surgical menopause.®
Documentation of medical treatment, which may
impact ovarian functioning (surgery, chemothera-
py, irradiation), and documentation of medication
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taken by women are needed so that these women
may be treated separately in the analysis. The
available data show that after hysterectomy
menopause occurs earlier. The mean age of ovarian
failure in the hysterectomized group was 45.4 +
4.0 years (standard deviation) and was significant-
ly lower than the mean age of 49.5 + 4.04 yearsin
the nonhysterectomized control group (p < 0.001).%
Considering the high incidence of hysterectomy in
some countries, this observation is clinically rele-
vant. In the United States, one woman in three
undergoes hysterectomy by age 65. The rate in the
European Union nations ranges from 6 to 20 per-
cent.® In the 1980s, of atotal sample of women in
six European countries, 11.4 percent had under-
gone hysterectomy, the highest percentage being
found in Italy (15.5 percent) and the lowest in
France (8.5 percent).® In Europe, the prevalence of
surgical procedures is higher in privately insured
persons than in persons with only basic insurance.
Among 25- to 74-year-old privately insured
women, the lifetime prevalence of a hysterectomy
is 30 percent with low educational status and 13
percent with high educational status (p < 0.001).%
A European woman without education has a RR of
2.2 (1.1-4.4) for hysterectomy compared to an
educated woman.”” Similar data are reported from
the United States.® In the United States, hysterec-
tomy rates increased with age, and rates for black
women slightly exceeded the rates for whites.®
Hysterectomy with ovarian preservation is associ-
ated with increased risk of high diastolic blood
pressure, diagnosis of hypertension, and increased
BMI but is not associated with other heart dis-
eases.® Women who underwent hysterectomy
reported more discomfort and frequent symptoms
of urogenital atrophy.*

36

4.5 Exogenous Hormones

Exogenous hormones may mask the effects of
changing ovarian function, so that women taking
the oral contraceptive pill or any HRT must also be
treated separately in analyses. In many countries, an
increasing number of women are choosing to adopt
HRT, and this may lead to a splintering of the sam-
ple and even to insufficient numbers to examine
the effects of the natural menopausal transition.
Holte reported that sample size in alongitudinal
study over 5 years was reduced from 200 to 56.%

Prospective studies allow the profile of those who
adopt HRT to be compared with that of nonusers,
in order to elucidate any biases which are related
to hormone selection and which may affect the
endpoint.®

5. QUALTIY OF LIFE AND MENOPAUSE

Concepts of quality of life vary from measures of
subjective well-being, symptoms, or other indica
tors of health status to that of functional status.
Assessing the impact of a condition on quality of
lifeis particularly relevant. A range of measure-
ment tools are available for monitoring how cli-
macteric symptoms affect patients with regard to
their well-being, sleep disturbance, other somatic
symptoms, and cognitive and sexual functioning.
Only standardized and well-validated measurement
tools should be used.

The close association between lifestyle and health
is generally recognized. Much is still to be learned
about the reciprocal influences of lifestyle, deci-
sion to use HRT, and quality of life. The most rele-
vant factors influencing awoman'’s quality of life
during the menopause transition appear to be her
previous emotional and physical health, her social
situation, her experience of stressful life events
(particularly bereavements and separations), as
well as her beliefs about menopause and aging.
Those who seek medical help for menopausal
problems tend to report more physical and psycho-
logical problemsin general. They are more likely



to be under stress and to hold particular beliefs
about the menopause.®

Health and quality of life related to menopause
may be enhanced by providing: (1) balanced infor-
mation about the menopause to women and to their
families; (2) discussion of attitudes towards the
menopause, with the promotion of positive attitudes
towards aging and menopause; and (3) health pro-
motion sessions focusing upon healthy lifestyles

of balanced diet, daily exercise, and cessation of
smoking.*

6. FUTURE NEEDS

* Markers of awoman’s proximity to menopause
are lacking. More menstrua diary research studies
with concurrent hormone measures are needed
to identify biomarkers of menopausal status.

* More research is needed on fertility and contra-
ception in the perimenopause.

 Further understanding is needed about the
reciprocal influences of lifestyle, decision to use
HRT, and quality of life.

* Providing women and their families with bal-
anced information about menopause, fostering
positive attitudes towards aging and menopause,
and encouraging healthy lifestyles may improve
their health and quality of life related to
menopause.
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CHAPTER 3. SYMPTOMS AND THE MENOPAUSE

Lorraine Dennerstein, A.O., M.B.B.S, Ph.D., FRAN.Z.C.P, D.PM.;* Janet Guthrie, M.<., Dip. Ed. Ph.D.;' Martin
Birkhduser, M.D.;* Sherry Sherman, Ph.D.}

KEY POINTS?

1. Conflicting findings regarding which symptoms are related to hormonal ——
changes of menopause reflect different research methodologies and their Conflicting findings
limitations.

regarding which
2. When wmptom checklists are used, middle-aged women are highly symptoms are related
symptomatic.

to hormonal changes
3. Agerelated symptoms may be differentiated from those related to the g

menopauisal phase. of menopause reflect
4. Only vasomotor symptoms, vaginal atrophic symptoms, and breast tender- different research
ness consistently vary with the phase of the menopause transition and are methodologies and
significantly affected by the administration of hormones in double blind o
RCTS[AL. their limitations.

5. Other symptoms, such as insomnia and mood, may be affected by the
presence of bothersome vasomotor symptoms.

6. Symptoms are influenced by psychosocia and lifestyle factors.

* From the Office for Gender and Health, Department of Psychiatry, University of Melbourne, Royal Melbourne Hospital, Australia

" From the Office for Gender and Health, Department of Psychiatry, Faculty of Medicine, Dentistry, and Health Sciences, University of Melbourne,
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2 Evidence categories are given in square brackets. A = randomized controlled trias (rich body of data); B = randomized controlled trials (limited data);
C = nonrandomized trials and observational epidemiologic studies, D = Panel expert judgement. (See aso table 1-1).
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Symptoms are
influenced by
psychosocial and

lifestyle factors.

1. INTRODUCTION

A large number of symptoms have been variously
linked with the menopause transition. Important
clinical questions include the following:

1. What are the most frequent symptoms experi-
enced by middle-aged women?

2. Which of these are related to the hormonal
events reflected in the different phases of the
menopausa transition, and which relate to aging?

3. What isthe role of other psychosocia and
lifestyle factors in determining women’s experi-
ence of symptoms?

4. What evidence is there for the effectiveness of
treatment interventions for symptoms linked to
the transition to menopause?

2. QUALITY OF LIFE AND SYMPTOMS

The term “quality of life” refersto
a subjective perception on the part
of both researcher and subject.
Areas covered range from health
status (SF-36),* life satisfaction,?
coping,® and depression (Center
for Epidemiologic Studies

Depression scale) to scales mea-
suring symptoms thought to be characteristic of
specific states, such as menopause. This breadth of
coverage and absence of a single, widely accepted
definition may be alimiting feature of the concept
of quality of life.> There are two different types of
measures. global quality of life or aspects specific
to a particular disease (such as osteoporosis) or a
physiological state such as the hormonal changes
underlying the menopause transition. Scales
designed to measure the latter make the assump-
tion that the more symptoms are present and the
more severe those symptoms are, the lower is the
ensuing quality of life. Yet there has been surpris-
ingly little research linking symptom presence with
the other more global aspects of quality of life
described above.
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There is debate as to whether the term “sign” or
“symptom” should be used when referring to the
events of the menopausal transition. The term
“sign” is often used to refer to objective clinical
manifestation of a disease, such asalump or a
bruit, whereas the term “ symptoms” is used to
refer to those bodily perceptions presented as
complaints by the individual. This chapter uses the
term “symptom” in this context.

3. METHODOLOGICAL ASPECTS OF
MEASURING SYMPTOMS
Conflicting findings as to the etiology of symp-
toms in midlife reflect some of the methodological
difficulties inherent in menopause research as well
as specific issues pertaining to the measurement of
symptoms, such as sample selection, validity of
symptom measures, age at baseline and length of
followup, separation of the effects of the natural
menopausal transition from that of induced
menopause, statistical and experimental design.
The most obvious methodological issueis the
potential to confuse studies evaluating the effects
of estrogen or differences between estrogen users
and nonusers on various outcomes as “ studies of
menopause.” In order to distinguish menopause-
related changes (due to changes from altered levels
of estrogen and/or other sex hormones) from those
of aging or disease, it is necessary to elucidate the
processes of the transition from premenopause to
postmenopause. Although there is an abundance
of studies and findings on the effects of ERT on
various physiological and psychological outcomes,
the actual processes and mechanisms of follicular
depletion which underlie the transition to
menopause are poorly understood.

3.1 Study Type

Clearly a number of different research modes can
be used to explore whether the menopause transi-
tion affects quality of life, varying from studies of
primates (often involving extirpative surgery and

then hormonal intervention), to clinical trials of



women who may have reached natural menopause
or had menopause induced. However, clinica
experience is based on a small proportion of self-
selecting, predominantly ill women and may not
be representative of most women'’s experience of
the menopause.®” Population-based studies have
demonstrated that women who seek treatment
differ in systematic ways from those who do not.®”
Patient-based samples are biased in terms of
education, socioeconomic status, other health
problems, and incidence of general depression.®
Clinical trial samples often included women who
had undergone surgical menopause, and the hor-
mones administered were usually synthetic, so
these studies do not inform us of the relationship
of symptoms to the natural menopause transition.
Only studies of women derived randomly from

the general population provide findings which

can be confidently generalized to be the experience
of most women of that particular culture and
geographic location. Reliable transcultural compar-
isons are rare because rating scales and question-
naires cannot be easily trandated to other languages:
a specific term may not exist in the target language
or may have a dlightly different meaning. This
problem exists even for translations within the
group of western languages and points to the
importance of validation.

There are intercultural and intracultural differences
in symptom reporting. Kaufert and Syrotuik®
describe how stereotypes held by differing social
and cultural groups act as a framework within which
an individual can select and organize and |abel
experience. Moreover, in menopause research there
isarisk that stereotypes will become operative
whenever subjects know the topic of the research.

3.2 Rating Scales

Health outcomes and their determinants can be
measured by validated rating scales. The failure to
use adequately validated scales has been a major
problem in menopause research. In the classical
Kuppermann Menopausa Index,* a numerical

summation of 11 menopausal complaints derived
from clinical experience in New York in the 1950s,
aswell asin other rating scales, the importance of
“neurovegetative symptoms” is overestimated,
whereas other changes are neglected. This particu-
larly applies to the measurement of sexuality and
of symptom experience. For example, with regard
to sexuality, relatively few of the population-based
studies of the menopause transition have made any
inquiry about sexual functioning. Differing mea-
sures of sexual functioning have been used but
studies often fail to offer any data on the validity
or reliability of these measures in their local popu-
lation. The research process itself may result in
response bias. Thisincludes interviewer biasin the
phrasing of questions and specification biasif the
variable under study is not well specified to the full
understanding of the subject.

3.3 Symptom Measure

A major methodological issue is that of the symp-
tom measure utilized and its validity and reliability
for the cultural group studied. The standard
method used for collecting information on the
prevalence and severity of symptoms has been a
checklist of symptoms. But the checklist in itself
introduces a number of biases, including the prob-
lem of dicitation. For example, Wright,* inter-
viewing women of the Navajo tribe, found that vir-
tually all respondents reported no bodily changes
since menopause in relation to open-ended ques-
tions, but most responded positively to symptoms
in the checklist. Holte* noted that the sounder the
methodol ogy, the lower the prevalence of symp-
toms. When frequency or bothersomeness of com-
plaint are included, the reporting rate goes down
further: irritability was reported by 57 percent of
premenopausal women as being present occasion-
ally, but only 10 percent of the same women
reported that it was there frequently.”? The presence
of symptoms “occasionally” does not indicate their
impact on the woman and may not be clinically
relevant or indicative of treatment needs. Porter et
al.® assessed the impact and prevalence of symp-
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toms in a Scottish postal survey of 6,096 women
aged 45-54. Fifty-seven percent of the cohort had
experienced a hot flush, but only 22 percent said
that it had been a problem. Similar disparity exist-
ed for night sweats (55 percent and 24 percent)
and dry vagina (34 percent and 14 percent). Only
4 percent had experienced none of the symptoms.

The most frequently used checklist has been based
on anumerical summation of 11 menopausal com-
plaints, the Kupperman Menopausal Index, derived
from clinical experience in New York in the 1950s.
The index was a combination of self-report and
physician ratings. The index included 11 symp-
toms (vasomotor, paraesthesia, insomnia, nervous-
ness, melancholia, vertigo, weakness (fatigue),
arthralgia and myalgia, headaches, palpitations and
formication) rated on a 4-point scale. In acritical
review, Alder** noted that terms were ill defined,
categories included overlapping scores, and scores
were summed without being based on independent
factors. Symptoms seemed to be arbitrarily select-
ed; omitted were measures of vagina dryness, dys-
pareunia, and breast tenderness. The following
year Kupperman and coworkers, including Blatt,*
described a modification, which alowed for some
symptoms to be weighted more than others.
Weighting was used without statistical justifica-
tion. Later, investigators, such as Neugarten and
Kraines,** extended the list to 28 symptoms but
found that only 9 of these distinguished
menopausal women from those at other develop-
mental phases. These authors, and many since,
arbitrarily categorized groups of symptoms.
Greene” was the first to use factor analysis as the
basis for categorizing symptoms into three factors,
vasomotor, somatic, and psychological. But
Greenge's study contained a number of flaws.
Although his 30-symptom list was constructed
from the scale of Neugarten and Kraines,* he
failed to include breast pain, somewhat curiously
as Neugarten and Kraines had found this symptom
to be associated with menopausal women. Nor did
he include symptoms of vaginal atrophy. These
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symptoms (mastalgia and atrophy) were still not
included in alater amended 20-item list.*®

Whether psychological complaints vary with the
menopause transition has been a key concept, yet
the capacity of most symptom checklists to ade-
quately measure psychological morbidity is
unknown.® In their Manitoba study, symptoms
measuring psychological morbidity had to conform
to scales used by psychological epidemiologists,
and concurrent validity was sought. The symptom
checklist was not restricted to items with an asso-
ciation with menopause but was embedded in an
18-item general symptom list adapted from one
used in a community health survey. The 11 symp-
toms forming the menopausal index were derived
from the International Health Foundation studies
(hot flush, night sweats, dizziness, rapid heart besat,
pins and needles in hands and feet, tiredness, irri-
tability, headaches, depression, nervous tension,
and insomnia). Interestingly, the list did not
include vaginal atrophy symptoms, yet the
International Health Foundation list was supposed-
ly chosen as a“succinct summary of the core
symptoms as described in the clinical literature.”
Four factors were found. Hot flushes and night
sweats group together as a separate factor, and five
symptoms burdened on a psychological factor.
These were five of the six symptomsin the
International Health Foundation arbitrary classifi-
cation of “symptoms of the nervous system.” A
strong association was found between the five psy-
chological symptoms and the two standardized
measures of psychological morbidity used for con-
current validity.

Greene'® compared the findings of seven factor
analytic studies. Despite different methodologies
and sampling, he found that vasomotor symptoms
(hot flushes, night sweats) always formed a sepa-
rate cluster, totally independent of other symptoms.
There was also agreement that a number of symp-
toms cluster together to form a general somatic or
perhaps psychosomatic factor: pressure or tight-
ness in head or body, muscle and joint pains,



numb-tingling feelings, headaches, feeling dizzy or
faint, breathing difficulties, and loss of feeling in
hands or feet. A further group of symptoms cluster
together to form a psychological factor, which in
some studies can be subdivided into anxiety and
depression.

3.4 Cross-Sectional Versus
Longitudinal Design

As indicated above, observational studies of popu-
lation-based samples are the best way to determine
the symptom experience of women in relationship
to the phases of the natural menopause transition.
However, they often suffer from being cross-sec-
tional in design® rather than having the power of
longitudinal analysis of the same women through
the menopause transition.? Cross-sectiona studies
can only indicate whether associations exist and
are unable to determine causality. Cross-sectional
studies have certain advantages. They are more
convenient and less expensive to carry out.
Subjects are only asked to participate on one occa-
sion so that the response rate is likely to be higher
than when subjects are asked to contribute time for
assessments on a regular basis. Those who accept
to participate in alongitudinal study may differ in
certain systematic ways from those who decline
and this may introduce bias into the sample.#
Thus, the sample participating in a cross-sectional
study may be more similar to a general population
sample than that of alongitudina study sample.

Splintering of the study population can continue
for other reasons during the accrual process.
From the target group, only those persons available
to the investigator are potentialy eligible for study.
Further splintering occurs after applying inclusion
and exclusion criteria. After being admitted to the
study, the subject’s records must be properly filled
in: missing data on some variables can lead to
exclusion of the subject with some analytic tech-
niques. If the reason for drop-out or premature
early termination of the study is related to the stud-
ied endpoint, this can induce further bias. Another
source of error isthat of confounding, which

necessitates the need for multivariate analytic
methods to control for the influence of the various
factors that can affect an outcome. The majority of
community-based studies have been cross-sectional
and thus limit researchers to inferring apparent
associations. Cross-sectional studies cannot control
for premenopausal characteristics nor separate the
effects of aging from those of menopause.

These studies are |ess satisfactory than longitudinal
studies in which the same women are followed
over time with the same instruments, so that what
is being observed is change in the same population
with time. Longitudinal cohort designs facilitate
the identification of causal pathways and allow the
effects of aging to be disentangled from those of
menopause.® However, most longitudinal studies
have used inadequate statistical methods, often
resorting to a cross-sectional approach to data,
which, as repeated measures, are no longer inde-
pendent in nature.® Longitudina collection of
data reduces reliance on memory for long recall
periods. The length of the recall period in cross-
sectional studies can lead to further inaccuracy of
data. Thisisnot only true for the studied end-
points, but also for possible covariates at the time
of occurrence. In longitudinal studies, there is the
opportunity for measures to be made prospectively
(such as menstrual diaries) rather than relying on
self-recall, which may be substantially less accu-
rate. When change over time is the key concern, a
prospective design is mandatory.

3.5 Statistical Analysis

Most studies have only utilized univariate analysis
and thus been unable to take into account the role
of confounding or interacting factors. The findings
of these studies are thus often contradictory. A
major problem in the longitudinal studies has been
the lack of a sensitive enough statistical analysis,
which would use a within-subject-repeated-measures
method, allowing for the various factors which
may affect the quality-of-life measure, changesin
those factors, and interactions with the menopausal
transition to be identified.?
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The analysis of longitudinal studies becomes more
complex as the temporal dimension is added to the
other possible components of the study. Many sta-
tistical approaches are possible. A simple and pow-
erful technique is to calculate mean values prior to
and following an event such as the FMP. To allow
for the influence of multiple factors, linear regres-
sion is preferred to logistic regression where con-
tinuous data are available. For more information
about evolution in time, more complex techniques
are needed. A suitable technique is repeated
measures multivariate analysis of variance using
anumber of contrasts to estimate various effects.
Simple split plot or randomized block designs
cannot be recommended as they often violate com-
pound symmetry assumptions. For series involving
more than 100 observations for each subject, time
series and spectral analysis techniques should be
considered. Structural equation modeling is recom-
mended for examination in detail of arange of
factors that may influence the studied endpoint, the
presence of feedback and of latent or nonmeasur-
able variables.

In reviewing the extensive observational literature
in this field accessible in Medline, we will concen-
trate on those studies which use adequate study
design.* These include random sampling; describ-
ing the study as a genera health survey, so that
bias caused by emotional response to menopause is
lessened; collecting information on current symp-
tomatology, so that the problem of recall biasis
minimized; utilizing an age range that encompasses
the menopause transition, for example, 45-55
years for cross-sectional studies or a younger
(mean) age group for longitudinal studies of the
menopause transition, to ensure that women are
premenopausal at outset; longer followup in longi-
tudina studies; and collection of data on menstrua
status, hormone usage, and induced menopause, so
that the phase of the menopause transition can be
adequately determined. Where there are method-
ological problems such as poor response rate, these
are outlined.
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4. PREVALENCE OF SYMPTOMS IN
MIiDDLE-AGED WOMEN: RELATIONSHIP
TO HORMONAL EVENTS OF THE
MENOPAUSE TRANSITION AND AGING

A few studies have tried to address this question by

examining different symptom experiences for women

of different age groups and menopausal status.

Two studies compared symptom checklist results
for men and women of different age groups using
lists from genera practices. Results were presented
by age groups rather than by menopausal status.
Bungay et a.,* in a United Kingdom posta survey,
found that four different patterns occurred by age
and sex. Peaks of prevalence of flushing and
sweating were closely associated with the mean
age of the menopause. Less impressive peaks of
minor mental symptoms were associated with an
age just preceding the mean age of menopause.
Complaints about aching breasts, irritability, and
low backache diminished after menopause. Male
and female curves were parallel for loss of
appetite, crawling or tingling sensations on skin,
headaches, difficulty with intercourse, indigestion,
constipation, diarrhea, shortness of breath, cold-
ness of hands and feet, dryness of skin, dryness

of hair, aching muscles, aching joints, feelings of
panic, feelings of depression, and stinging on
passing urine.

A Dutch national study® of the symptomsin the
Kupperman index experienced by men and women
aged over 25 years, reported female/male ratios for
each symptom. Only transpiration (excessive
sweating) showed a significant increase at age
45-54, compared to younger age groups and then
remained raised. No other symptom showed a signif-
icant increase in the age group 45-54, including the
Genera Hedth Questionnaire score of mental health.

Most observational studies using symptom check-
lists find that middle-aged women are highly
symptomatic. An Australian study® of women aged
45-54 found the symptoms most commonly expe-
rienced in the prior 2 weeks to be very dry skin
(68 percent), backache (49 percent), forgetfulness



(47 percent), problems sleeping (39 percent), irri-
tability (37 percent), and mood swings (36 percent).
Hot flushes were reported by 25 percent of women
(rank order 10) and sweating attacks by 13 percent
(rank order 19). Vaginal dryness and discomfort
was reported by 16 percent (rank order 17).

As noted earlier, there is consensus about the
marked temporal relationship of vasomotor symp-
toms to menopause.® These begin to increase in
perimenopause, reach a peak within 1-2 years of
the FMP* and remain elevated for up to 10
years.** McKinlay et a.,* in afollowup study
over 4 years of 1,178 premenopausal women,
found increasing hot flushes—10 percent in early
premenopause, 30 percent in early perimenopause
increasing to 50 percent of women 1 year prior to
the FMP—coinciding with late perimenopause,
with reports of hot flushes starting to decline sig-
nificantly 2 years after FMP and reaching 20 per-
cent of women 4 years after FMP. Thus, hot flush-
es are not the most frequent symptoms reported,
nor are they pathognomonic of menopause, being
reported by younger menstruating women. A num-
ber of studies have shown an association between
hot flushes and night sweats,* and some show an
association between these vasomotor symptoms
and insomnia.* Women who had an artificially
induced menopause were more likely to till report
flushing than were naturally menopausal women
and to report more symptoms.* Only a few studies
included any reported measure of dryness of the
vagina. Oldenhave reports that dry vagina
increased in the perimenopause to postmenopause,
with a dlight decrease > 10 years postmenopause,
which may be explained by lack of a partner.® This
complaint is related to hot flush reporting. There
was less consistency regarding other symptoms.

A number of cross-sectiona studies, including the
two Ede studies,®* report a small but transient
increase in nonvasomotor symptoms in peri-
menopause. There was no attempt to differentiate
whether any increase in such symptomsis due to
distress caused by vasomotor symptoms. A

Norwegian 5-year prospective study found that
vasomotor symptoms, vaginal dryness, heart palpi-
tations, and social dysfunction increased with the
menopausal transition, but that headache and
breast tenderness decreased.® However, these
results were based on only 59 of the 200 pre-
menopausal women selected for the study. The
author notes that the finding of heart pal pitations
must be treated with caution since it differs from
all previous factor analytic studies.® Recently
released results from the cross-sectional phase of
the Study of Women’'s Health Across the Nation
(SWAN) study have also found an increase in
vasomotor symptoms and in psychological and
psychosomatic symptoms related to menopause.®
Analyses of data from 14,906 women aged 40 to
55 years found vasomotor symptoms burden on a
different factor to psychosomatic symptoms.
Perimenopausal and postmenopausal women, HRT
users, and women who had a surgical menopause
were al significantly more likely to report vaso-
motor symptoms compared to premenopausal
women, with postmenopausal women having the
higher OR. Psychosomatic symptoms (tense,
depressed, irritable, forgetful, headaches) were
reported more often by perimenopausal women,
hormone users, and women with a surgical
menopause than by premenopuase or post-
menopausal women. A number of other studies,
including recent longitudinal studies using validat-
ed mood scales, have not found an association
between mood and menopausal status.*

The Melbourne Women's Midlife Health Project
reported on the analysis of those women who after
7 years of followup had progressed through the
menopause transition. Annual measures included a
33-item symptom checklist. Increasing significantly
from early to late perimenopause were the total
number of symptoms, hot flushes, night sweats, and
dry vagina. Breast soreness/tenderness (mastalgia)
decreased significantly with the menopause transi-
tion. Trouble sleeping showed a smaller increase,
which was found to in part reflect bothersome hot
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flushes.® (See figs. 3—1 to 3-5.) The onset of hot
flushes was found to be related to decreased estra-
diol levels (p < 0.01), and the onset of night sweats

Epidemiological studies
have found that only
vasomotor and vaginal
atrophic symptoms
significantly increase
as women pass through
the natural menopause

transition.

was related to the change
in estradiol level (p <
0.05).* Interestingly, breast
tenderness was not includ-
ed in the SWAN study
reported above. The
SWAN study found that
vaginal dryness was related
to vasomotor symptoms
but did not reach the crite-
riafor inclusion in the fac-
tor analysis, and results
were not reported by
menopausal status.®

Longcope et a.* aso report a significant negative
association of hot flushes with estrone and
estradiol levels amongst their sample of 241

M assachusetts women followed for 3 years. Thus,
anumber of epidemiological studies have found

Ficure 3-1

that only vasomotor and vaginal atrophic symp-
toms significantly increase as women pass through
the natural menopause transition.

Although many theories have been suggested to
explain the mechanism of menopausal flushing,
none provide a satisfactory explanation.® Core
body temperature elevations precede the
menopausal hot flush and serve as one trigger of
this heat loss phenomenon.® What is responsible
for the core temperature elevation is a matter of
speculation. Although vasomotor symptoms are
associated with increasing FSH and decreasing
estradiol levels,®# it may be that vasomotor symp-
toms relate to the activity of another substance, in
whose absence the activity of the thermoregulatory
center is disturbed.”? This substance may be com-
mon to both ovaries and testes and explain the fact
that the male flushes after orchidectomy and the
woman after ovarian failure. Each hot flush is
accompanied by a gonadotrophin-releasing hor-
mone (GnRH) pulse with a consecutive episode of
FSH and LH secretion.” Because hypophysec-
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FIGURE 3-2

Proportion of Women Bothered by Night Sweats by Menopausal Status
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FiGure 3-4

Proportion of Women Bothered by Breast Soreness by Menopausal Status
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Proportion of Women Bothered by Trouble Sleeping by Menopausal Status
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tomized hypogonadotropic women experience hot
flushes in the same way as women with an intact
pituitary, vasomotor instability isinduced by a
common higher cerebral center and not by the
gonadotropin-pulse. The vasodilatation occurring
during hot flushes leads to an increase of skin tem-
perature and finger volume and to an augmented
oxygen consumption.* Due to peripheral vasodi-
latation, there is an increase of the pulse rate by
about 15 percent. Body core temperature then
decreases. The increase of finger perfusion starts
1.5 min before the start of the hot flush and lasts
for several minutes after its subjective end. Serum
LH levelsincrease only after the beginning of
peripheral vasodilatation and reach their maximal
vaue approximately 12 minutes later. Most likely
as a consequence of the cooling down of the body
core temperature, an elevation of adrenocoticotropic
hormone (ACTH) and of human growth hormone
(hGH) occurs respectively 5 and 30 minutes after
the rise of skin temperature. Because hot flushes
occur not only after menopause, but also during
the down-regulation by GnRH anal ogues, the pri-
mary decrease of serum estradiol is essential for
vasomotor symptoms. Anorexia nervosa or other
conditions of hypothalamic amenorrhea do not
provoke hot flushes. Furthermore, hot flushes are
only observed in women previously exposed to
endogenous or exogenous estrogen activity. The
pathophysiological mechanism provoking hot
flushes involves catecholamines, catecholestrogens,
serotonin, histamine, endorphins, and prostaglandins.
The endorphin neurons are inactivated by low
estrogen levels, a phenomenon that is reversible.

5. ROLE OF PSYCHOSOCIAL

AND LIFESTYLE FACTORS IN

DETERMINING WOMEN’S

EXPERIENCE OF SYMPTOMS
Cross-sectional studies have explored associations
between symptom experience and a large range of
other factors. In keeping with other studies from

Austrdia, North America, Scandinavia, and
Europe, an Australian study found lower symptom
experience in the midlife years to be associated
with increasing years of education, better self-rated
health, the use of fewer nonprescription medica-
tions, absence of chronic conditions, alow level of
interpersonal stress, not currently smoking, exer-
cise at least once per week, and positive attitudes
to aging and to menopause.”®

A previous history of premenstrual complaints was
reported to be associated with the occurrence of
vasomotor Symptoms during menopause in cross-
sectional analyses of this population-based sample
of midlife women.“>* Longitudinal analysis of the
same cohort found that a prior history of both
physical and psychological premenstrual com-
plaints was associated with a more symptomatic
perimenopause characterized by dysphoria, skele-
tal, digestive, and respiratory symptoms.”

The cross-sectiona phase of the SWAN study
found that reports of vasomotor symptoms were
negatively associated with educational level and
self-assessed health and positively associated with
difficulty in paying for basics. Psychosomatic
symptoms decreased with age and were reported
less often by those with better self-reported health
and with less difficulty in paying for basics.®

Longitudinal population-
based studies are best able
to establish the likely rela
tionship between experience
of symptoms, psychosocial
and lifestyle factors. The
Massachusetts Women's
Health Study found that
prior physical and psycho-
logical symptoms explained

Cross-sectional
studies have
explored associations
between symptom
experience and a large

range of other factors.

physical symptoms, while

psychological symptoms were explained by low
education and perceived health.® A further analysis
of the 454 women from this sample who were pre-
menopausal at baseline and postmenopausal by the
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6th followup found that variables related to greater
frequency of vasomotor reporting included a
longer perimenopause, more symptoms reported
prior to menopause, lower education, and more
negative attitudes to menopause prior to
menopause.® Symptom bothersomeness was relat-
ed to a greater frequency of vasomotor symptom
reporting, smoking, and being divorced. Variables
that predicted consultations were greater frequency
and bothersomeness of symptoms, higher educa
tion, and greater health care utilization.® \WWomen
with negative attitudes to menopause were more
likely to subsequently experience bothersome
Symptoms.*

A British study® found that women who had expe-
rienced an early natural menopause had a strongly
increased risk of vasomotor symptoms (hot flushes
or night sweats), sexual difficulties (vaginal dry-
ness or difficulties with intercourse), and trouble
deeping. However, there was little or no excess
risk of the other somatic or psychological symp-
toms studied. In contrast, all types of symptoms
were more common among women who had had a
hysterectomy or were users of HRT. Using
prospective data collected when the women were
36, symptom reporting was predicted by low edu-
cation, stressful lives, or a previous history of poor
physical and psychological health. Adjustment for
these factorsin alogistic regression model did not
affect the relationship between symptoms and cur-
rent menopausa status. For vasomotor symptoms,
postmenopausal women had an adjusted OR of 4.7
(95 percent confidence internval (Cl) 2.6-8.5), and
perimenopausal women had an adjusted OR of 2.6
(95 percent Cl 1.9-3.5) compared with pre-
menopausal women. Corresponding adjusted ORs
for sexual difficulties were 3.9 (95 percent Cl
2.1-7.1) and 2.2 (95 percent Cl 1.4-3.2) and for
trouble sleeping were 3.4 (95 percent Cl 1.9-6.2)
and 1.5 (95 percent Cl 1.1-2.0).

A postal survey of men and women aged between
49-55 years and registered with a London general
practice™ found no gender differencesin reporting
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of self-rated health, life satisfaction, and health-
related quality of life, although women reported
more physical problems. Menopausal status was
not significantly related to life satisfaction or to
health-related quality of life. Significant predictors
of health-related quality of life were seriousill-
ness, employment, and marital status. Sample size
was relatively small in this study (n = 189),
response rate was only 47 percent, and the age
range may have meant that most women were
aready in the menopausal transition.

Using structural modeling of data from the first 6
years of followup of the Melbourne Women's
Midlife Health Project, the presence of bothersome
symptoms was found to adversely affect well-
being.%? Repeated measures multivariate analysis of
covariance also found that bothersome symptoms
adversely impacted negative mood.*

Greene” suggested a vulnerability model to explain
the role of psychosocia factorsin symptom expe-
rience during the menopausal transition. The Greene
vulnerability model hypothesizes that adverse
psychosocial factors render women vulnerable to
develop nonspecific physical and psychological
symptoms at this time. Response to stress interacts
with personality and sengitivity to biological changes
to determine the actual symptoms experienced.

Hot beverages can cause flushing through counter
current heat exchange mediated through the ther-
moregulation center of the anterior hypothalamus.
Foods containing nitrites and sulphites and spicy
foods, such as those containing the active agent in
red pepper or capsaicin, may also provoke severe
flushing. Alcohol intake is also associated with
flushing reactions, although there are no controlled
trials examining the effect of acohol intake on the
severity of menopausal symptoms, in particular
vasomotor symptoms. The mechanism of alcohol-
provoked flushing is complex but is probably related
to the fact that fermented al coholic beverages con-
tain tyramine or histamine, which induces flushing.®



5.1 Exercise

It has been suggested that physical activity may
have a beneficial effect on reducing vasomotor
symptoms in menopausal women. Physical exer-
cise involving increased energy expenditure
increases hypothalamic [-endorphin production,
and -endorphins are reported to stabilize ther-
moregulation.® However, conflicting evidence
exists as to whether exercise has an effect on
menopausal symptoms.

In a cross-sectional study of a population-based
sample of 728 Australian-born women,* physical
activity had no significant effect on women’s expe-
rience of troubling symptoms, including those
symptoms associated with their menopausal status,
such as vasomotor symptoms. Hammar et a.*
reported that women who participated in organized
physical exercise on aregular basis had a lower
prevalence of moderate to severe vasomotor symp-
toms compared with women of the same
menopausal status from the population. A further
study by these researchers™ reported that from a
population of 793 women, only 5 percent of highly
physically active women experienced severe vaso-
motor symptoms as compared with 14-16 percent
of women who had little or no weekly exercise.
The latter study collected data on physical habits
and on current and previous experience of vasomo-
tor symptoms. There is the risk of women overesti-
mating the time spent in physical activities as well
as the problems of retrospective reporting of vaso-
motor symptoms. A prospective or intervention
study would avoid these problems. However, the
fluctuating nature of the experience of vasomotor
symptoms and the expectations of participants
could affect such studies. A case-control study®
(82 cases and 89 controls) found that habitual
exercise prior to the FMP did not reduce the likeli-
hood of experiencing vasomotor symptoms during
the perimenopause.

6. EFFECTIVEMESS OF TREATMENT
INTERVENTIONS FOR SYMPTOMS
LINKED TO THE TRANSITION TO
MENOPAUSE

Available treatments aimed at reducing symptoms

related to the menopausal transition include HRT,

phytoestrogens, and natural therapies, which have
been shown to possess different degrees of efficacy.

6.1 Hormone Replacement Therapies (HRT)
Most RCTs of HRT have been carried out on post-
menopausal women, many of whom have aready
received HRT and may have undergone a surgical
menopause. Nevertheless, there is considerable
consensus in findings that the symptoms which
consistently respond to HRT are the vasomotor and
vaginal atrophic symptoms. These beneficial
effects of HRT persisted after adjusting for base-
line symptom level and uterine status.®

Conflicting

There is a substantial body of
evidence showing that HRT is
effective in reducing hot flushes. evidence exists as
Randomized double-blind place-
bo controlled trials have report-
ed that CEE at dosages of 0.3,
0.625, and 1.25 mg/day signifi-
cantly reduced hot flushes com-
pared with placebo.**
Similarly, other preparations of
estrogen, administered either orally or by transder-
mal patch, have also shown effectivenessin the
relief of vasomotor symptoms.®>™ Gordon et al.*
compared the efficacy of estradiol patches and oral
conjugated estrogen and found no statistically sig-
nificant difference between the preparations with
regard to their effect on the reduction of hot flush-
es. The response to the 0.1 mg estradiol patch was
greater, and the response to the 0.05 mg estradiol
patch was less than the response to conjugated
estrogens, although these differences were not sta-
tistically different. Percutaneous estradiol delivered
in an alcohol-water gel has been reported to be
effective in treating vasomotor symptoms.™ The

to whether exercise
has an effect
on menopausal

symptoms.
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use of either continuous or sequential progestins
with estrogen does not reduce the efficacy of the
preparation in the reduction of hot flushes.®%=
Recently, an intranasal 17B-estradiol spray has

shown these treatments to be no more effective
than placebo in controlling hot flushes. Dong quai
did not have any effect on vagina cell matura-
tion.®* More promising results for non-hormonal

treatment of hot flushes have come from trials of
antidepressants, particularly the selective serotonin
reuptake inhibitors (SSRIs) and related drugs such
as venlafaxine. Pilot studies presented at confer-
ences have found significant reduction in hot flush
frequency and severity, but evidence from larger
double-blind randomized trials is needed.®

been shown to be significantly better than placebo
and similar to oral estradiol in reducing hot flushes
and is also well tolerated.”

—— \/agina Ssymptoms
related to atrophy

have been reported

to be aleviated by
which consistently respond to  ERT. Locd low-dose

Considerable consensus in

findings that the symptoms

Studies of the effects of HRT on mood, cognitive
and sexual functioning are discussed elsewhere.
The symptom of breast soreness/tenderness

treatment with a
small vaginal tablet

HRT are the vasomotor and

vaginal atrophic symptoms.

of 25 micrograms

of 17p-estradiol
was shown to significantly relieve postmenopausal
symptoms related to vaginal atrophy when com-
pared to placebo.™ Preparations of estradiol vaginal
cream have a similar effect™ and also result in an
increase in plasma levels of estradiol. Percutaneous,
transdermal, and oral estradiol treatments have all
been reported to improve the vaginal cytology pro-
filein comparison with placebo therapy.c ™" Sleep
disturbances do not appear to be helped by trans-
dermal or oral ERT.*" The benefits and risks of
HRTs are discussed in other chapters.

A number of nonestrogen preparations have been
evauated for their effects on menopausal symp-
toms with varying results. The progestational agent
megestrol acetate (20 mg twice daily) has been
reported to significantly decrease the frequency of
hot flushes in women with a history of breast can-
cer.”® Veralipride, an antidopaminergic treatment,
reduced vasomotor symptoms and was significant-
ly more effective than placebo in three trials.**
Other dopamine agonists and antagonists have also
been found to be more effective than placebo in
alleviating hot flushes.” In one trial, opipramol
treatment was reported as being significantly better
than placebo in reducing hot flushes.® Trials with
clonidine,® propranolol,* and dong quai® have
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(mastalgia) has been shown in clinical trials to be
related to estrogen/progestin balance.®* The
Postmenopause Estrogen/Progestin Intervention
(PEPI) trial® found a significant reduction in mus-
cle and joint pain in women who adhered to estro-
gen- and progestin-containing regimes. This bene-
ficia effect on muscle and joint pain was not evi-
dent in intention-to-treat analyses. Aches or stiff
joints were reported by over 40 percent of women
in the Melbourne Women's Midlife Health Project
at each phase of the menopause transition,®
although there was no demonstrable variation with
the menopause transition. Given the prevalence

of these symptoms among middle-aged women,
further research is needed.

6.2 Phytoestrogens

Phytoestrogens are plant compounds that have a
close similarity in structure to estrogens. Evidence
for the effects of phytoestrogens on reducing
menopausal symptoms, hot flushes, and vaginal
dryness come from two main sources—observa-
tional studies and clinical trials. The first sourceis
from epidemiological data of populations who
have high dietary intakes of phytoestrogen com-
pounds and who have a very low rate of hot flushes
(for example, 5-10 percent of Japanese women
report hot flushes compared with 70-80 percent of
Western women).®” Japanese women are reported



to consume 20-150 mg/day of isoflavones® com-
pared to Western women, where less than
5 mg/day is consumed.®

The second source is from placebo-controlled clin-
ical trials. Five studies®** have reported improve-
ment in hot flushes after dietary supplementation
with phytoestrogens. In three of these studies,* %
there was no significant improvement in these
symptoms in subjects in the treatment compared to
the placebo group. In one study,* there was an
increase in urinary isoflavone excretion in the
placebo group. There was a strong negative corre-
lation between the level of urinary isoflavone
excretion and the incidence of vasomotor symptoms
in both treatment and placebo groups. This further
emphasises the problem with intervention studies
using naturally occurring dietary compounds.

There are problems with both sources of informa-
tion. Whether Japanese women do in fact experi-
ence a significantly lower frequency of hot flushes
has been challenged,* and there is no data from
this population on the prevalence of vaginal dry-
ness. Evidence from controlled trials is limited by
several problems—finding an effective control
group, as phytoestrogens are present in so many
foods that it is difficult to eliminate them from the
diet, and the fact that natural improvement of
menopausal symptoms occurs with time. Of five
studies that looked at changes in vagina cytology
with and without phytoestrogen supplementation,
there was a significant improvement in three
instances™** but not in two.** The variations in
response may depend on populations studied,
source of phytoestrogen, and study design, particu-
larly with respect to duration of exposure.

6.3 Natural Therapies

Evening primrose oil, containing gammalinolenic
acid, has been evaluated as a therapy for treating
hot flushes and sweating associated with
menopause in a randomized, double-blind, place-
bo-controlled trial.® Although there is no good

scientific rationale for the use of this preparation in
treating hot flushes and although neither clinicians
nor the pharmaceutical industry have ever promot-
ed evening primrose oil for this purpose, thereisa
current view among the lay public that it is effective
in the control of menopausal symptoms. Chenoy
and colleagues® reported that gammarlinolenic acid
provided by evening primrose oil offers no benefit
over placebo in treating menopausal flushing.

7. FUTURE NEEDS

Clearly there has been a great deal of research
documenting the relationship of symptoms of the
menopause transition. In this section, we expand
on those areas that require further detailed studies.

In the field of observational studies, thereisa
need for better documentation of the processes of
the natural menopause transition using prospective
investigations to distinguish menopause-rel ated
changes from those of aging or disease. Design
features needed in these longitudinal epidemiologi-
ca studies are:

» Randomized population sampling including
minority women of the country concerned

» Baseline age 45 or less, so that women are more
likely to be premenopausal

o Symptom checklists which include al symp-
toms shown to vary directly (vasomotor, vaginal
atrophic, breast tenderness) or indirectly
(insomnia, mood) with hormonal change

 Validated measures of psychosocial and lifestyle
factors which may mediate hormonal effects

» Prospectively kept menstrual calendars so that
phase of the menopause transition can be deter-
mined without bias of retrospective recall

* Regular hormona measures

» Power analysis for sample size, so that effects
of hormones and other factors can be delineated
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In

Long-term followup until women are at least 10
years postmenopausal, so that longer term
effects can be studied, including the natural his-
tory of untreated symptoms

Studies of different populations worldwide, rep-
resenting women from a broader array of racial-
ethnic and socioeconomic backgrounds

the field of treatment interventions, there have

been many RCTs of different forms of HRT on
symptoms, and larger studies are in progress. On
the other hand, there is a need for—
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Questionnaires validating phytoestrogen intake
against metabolic measures of metabolitesin
different cultural settings before either RCTs or
observational studies of the role of phytoestro-
gens can proceed

A larger RCT of phytoestrogen supplementa-
tions, including metabolic measures of metabo-
lite levels
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CHAPTER 4: SOCIOCULTURAL ISSUES IN MENOPAUSE

Cross-cultural comparisons

Aila Callins, Ph.D.*
1a Lolins demonstrate that reported

symptoms can vary significantly

KEY PoINTS? .
among countries and among

1. Attitudes toward and beliefs about menopause vary historically and ethnic groups within countries.
among cultures [C].

2. Cross-cultural comparisons demonstrate that reported symptoms can vary significantly among countries
and among ethnic groups within countries in their type (e.g., vasomotor, psychological) and in the degree of
distress caused [C].

3. Difficultiesin integrating findings from cross-cultural studies stem from a number of limitations. Among
these are differences among cultures in language used to describe symptoms; use of different methodologies
in study design and in instruments used to measure symptoms; and differences in diet and other lifestyle
factors that make it difficult to establish cultural versus biologic causes of symptom expression.

4. A better appreciation of cross-cultural differences in the experience of menopause may derive from an
emerging interdisciplinary model in which symptoms are seen as a result of increased vulnerability due to
hormonal changes in interaction with psychological and sociocultural factors.

1. THE MEANING OF MENOPAUSE

The sociocultural aspects of menopause have not and a sense of liberation.? Bowles emphasized that
been the focus of attention or research interest to women'’s experience of and attitude toward

the same extent as menopause as a physiological menopause are influenced by beliefs and expecta-
event. Historically and cross-culturally, perspec- tions inherent in the prevailing sociocultural para-
tives on menopause have varied widely. The 19th- digm.® Thus, factors such as cultura beliefs, values,
century Victorian image was an aging woman with and attitudes toward menopause determine the

a decaying body, prone to illness and insanity.! In experience of individual women of that stage of
contrast, the view of menopause among Asian life as negative and troublesome or positive and
women has focused on freedom from pregnancy liberating.

* From the Psychology Section, Department of Clinical Neuroscience, Karolinska I nstitute, Stockholm, Sweden.

2 Evidence categories are given in square brackets. A = randomized controlled trials (rich body of data); B = randomized controlled trials (limited data);
C = nonrandomized trials and observational epidemiologic studies, D = Panel expert judgment. (See also table 1-1.)
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Menopause research

needs multidisciplinary

different aspects.

Hallstrém wrote that the psychological signifi-
cance ascribed to menopause in Western countries
should be regarded as a sociocultural myth.* By
generating expectations in women, the myth can
act as a self-fulfilling negative prophecy.
Reproduction and child-rearing have been the pri-
mary roles defined for women. Osofsky and
Seidenberg argued that many of those writing
about the psychology of menopause assumed, on
the basis of their own cultural biases, that women
derive greater meaning from and place greater sig-
nificance on their reproductive capacity than do
men.5 Barnett and Baruch emphasized the need to
revise our view of
women’s roles, including
broadening our concept of
midlife by taking into
account women'srolesin
the workplace as well as
the social contexts within

teams to address its

which they live.

Research on menopause has long been polarized.
The medical model of menopause has focused on
identifying symptoms of the climacteric syndrome.
Endocrinologists have defined menopause as a
deficiency disease requiring treatment, with symp-
toms believed to be directly linked to the lack of
estrogen. Socia scientists, on the other hand, have
emphasized the social and cultural construct of
menopause, holding that whether and how climac-
teric symptoms are experienced is influenced by
that meaning. There is evidence, for instance, that
negative attitudes and beliefs before menopause
may predict depressed mood or other symptoms at
menopause.”®

Recent trends in epidemiological research have
highlighted the need to integrate these opposing
views into an interactive model. Flint suggested a
psycho-bio-cultural model of menopause for inter-
disciplinary research and for a better understanding
of the different aspects of women's health.? It is
being recognized that menopause research needs
multidisciplinary teams to address its different
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aspects. Research from disciplines such as gyne-
cology, endocrinology, neurology, psychiatry, psy-
chology, and anthropology may be integrated to
characterize what changes menopause entails and
the individual and cultural differences that occur as
aresult. A central question to be addressed is
whether menopause is universally associated with
similar physical changes and symptoms or whether
there is, indeed, cross-cultural variation. Evidence
of cultural diversity in perception of symptoms
lends support to the hypothesis that how
menopause is experienced is not ubiquitous but
distinct according to cultural groups.

It may be difficult to compare the results from dif-
ferent studies because of methodological problems
associated with the research. (See also ch. 3, sec. 3.)
Many studies have used less than ideal research
designs, unvalidated rating scales that have been
translated from one language to another, and small
clinical samples. Obermeyer et . in arecent
review® pointed out shortcomings of many of the
studies used for cross-cultural comparisons. She
emphasized the need for studies using a longitudi-
nal design, standardized questionnaires, and an
agreed-upon definition of menopause, criteria that
most of the cross-cultural comparison studies do
not fulfill.

2. CROSS-CULTURAL COMPARISONS

Cross-cultural comparative data can help clarify
the extent to which the experience of menopause is
universal, provide information about symptom
variability, and identify important factors influenc-
ing symptoms. Prevalence comparisons among
countries of somatic symptoms of menopause,
such as hot flushes, and of psychological symp-
toms, such as depression and changes in sexual
interest, show considerable, though not always sig-
nificant, differences. Among the major findings,
one of the best known is the marked contrast
between the relatively high prevalence of vasomo-
tor symptoms reported in North American and



European women and the low preval ence reported
by Asian women.

Lock’s classic studies of Japanese perimenopausal
women** have been widely cited. She collected
data on these women using a self-administered
questionnaire. The study was carried out in south-
ern Kyoto, where the women were employed in
factory or other blue-collar jobs; in Nagano, a rural
area where the women worked on farms; and in the
suburban area of Kobe, where most of the women
were homemakers. The prevalence of hot flushes
was low: 3 percent of the homemakers and 10 per-
cent of the working women reported them. The
Japanese women more often reported shoul der
stiffness, headache, and, to alesser extent, lumbago,
symptoms not specifically linked to the menopausal
state. The most striking result was that for most of
the symptoms in the symptom list about 85 percent
of the women gave a negative response.

A comparison of U.S., Canadian, and Japanese
women by Avis et al. showed the Japanese women
to have the lowest prevalence of hot flushes and of
depression as well as the lowest intake of medica-
tion.** Such findings may lead us to believe that
Asian women do not experience the intense symp-
toms reported by North American, European, and
African women. With regard to hot flushes, however,
Lock found that the Japanese women did not have
aword for the concept, which had to be explained
using different words.?

Lock’s interpretation of these findings was that
Japanese women do not think the same way about
menopause as, for example, women in the United
States. The Japanese word for midlife transition,
konenki, has a social rather than biologic connota-
tion. According to Lock, middle age in Japan is
thought of foremost as a social process; the biolog-
ic changes are generally viewed as playing only a
small part. Konenki is seen as a“luxury disease”
suffered only by those women who have too little
to do. The strong work ethic in Japanese society
coupled with a certain moralistic attitude may

influence women and make them less likely to
complain of any physical discomfort associated
with konenki. Lock also noted that women are
explicitly encouraged by the government to pro-
vide nursing care for elderly relatives, since there
is amarked shortage of programs to care for the
aged population. Only recently women's groups
have begun to debate issues associated with konen-
ki and have argued that middle-aged women ought
to focus more on their own health. Among these
activistsis Albery, who challenged the belief that
Japanese women do not suffer from hot flushes.*
She also advocated a more evidence-based
approach to the understanding of female aging as
well as endorsement by the government for gyne-
cologists to treat menopausal symptoms using HRT.

Thus, it may be premature to accentuate social fac-
torsin the interpretation of Lock’s findings. Biologic
factors may have an important role. Recent
research has shed light on the role of dietary fac-
tors. In much of Asia, particularly Japan, the diet is
rich in phytoestrogens. Several studies have found
adecrease in the frequency of hot flushes frequen-
cy in postmenopausal women in response to soy
protein supplementation.**” Larger, well-controlled
clinical trials are needed, however, to better
address the positive and possible negative effects
associated with the intake of soy protein.®*® (See
ch. 3, sec. 6.2)

Isit possible that Asian lifestyle could have such
dramatic effects on women'’s health? More recent
studies in Asia present a somewhat different pic-
ture of symptom reporting. Among them is a well-
designed, large-scale study by Boulet et al., con-
ducted in Hong Kong, Indonesia, Korea, Maaysia,
the Philippines, Singapore, and Taiwan.* The cli-
macteric syndrome was, indeed, experienced by the
participants, although in a milder form than gener-
ally reported in Western countries. The prevalence
of hot flushes and of sweating was lower than in
Western countries but not negligible. The percent-
ages of women reporting more psychological types
of complaint were similar to those in Western
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countries. Perhaps, as the authors suggested, distress
related to vasomotor symptoms is translated into
psychological complaints, which are more frequent-
ly considered to warrant consulting a physician.

Other studies of Asian women that compared
symptom reporting include a cross-sectional study
of Thai women in Bangkok.? The women were
asked to report symptoms in the prior 2 weeks.
They did experience hot flushes, although the most
common complaints were dizziness, headache,
joint pain, and backache. The sample was not rep-
resentative, and the conclusions must be consid-
ered tentative, because the women were recruited
as they accompanied family members or friends to
the hospital. In a study of Thai women attending
health clinics in Bangkok, 22 percent of the
women with irregular menses and 7 percent of the
postmenopausal women reported hot flushes,
athough the most common symptoms were dizzi-
ness (45 percent) and irritability (41 percent).?

Among perimenopausal Chinese women living in
Hong Kong, 20 percent of those surveyed experi-
enced hot flushes, and, again, psychologica com-
plaints such as anxiety and nervousness were more
prevalent.®? In another study of urban women, peri-
menopausal Canadian and Chinese women differed
markedly in symptom prevalence: 60 percent and
18 percent, respectively, reported vasomotor symp-
toms, and the Chinese women ranked other symp-
toms as more important, including boredom, poor
memory, numbness in the hands or feet, changein
appearance, and change in ability to see, taste, or
smell.* Both groups in the study reported sleep-
related problems and fatigue. Ho et al. studied per-
imenopausal Hong Kong Chinese women and
found that although 10 percent experienced hot
flushes, musculoskeletal complaints were the most
prevalent.®

Thus, the prevalence of hot flushes appears to be
lower in Asian women, although some of the more
recent studies have shown rates closer to western
figures. Also, the types of symptoms reported and
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the degree of distress caused are often different.
There are no good explanations for the observed
differences. Hot flushes were previously thought to
be linked directly only to estrogen deficiency and
not modulated by other factors. Our study® and
that of Avis et a.?” showed that hot flushes are
modulated by psychosocial factors, such as satis-
faction with work role and stress at work. In an
ongoing study, we found that women with high-
stress jobs report the most frequent hot flushes
(Coallins A and Ahs A, unpublished results). Many
of the assumed truths about climacteric symptoms
may have to be modified. Because all symptoms
are individual and modulated by cognitive process-
es to a certain extent,? they can be influenced by
cultural factors. A clear, and perhaps related,
example of such influences is the cultural variation
in pain perception.®

There are probably important factors within cul-
tures that can mediate symptom experience. They
include differences in expectations and attitudes
toward aging and menopause, as well as socioeco-
nomic factors and women’s roles and opportunities
in society. A very important area of research that
has been largely neglected until recently isthe
study of different ethnic groups within Western
countries. Our ongoing popul ation-based longitudi-
nal study has shown that among perimenopausal
women residing in the Stockholm area, women
born outside Scandinavia report more frequent hot
flushes than do Swedish-born women (Collins A
and Ahs A, unpublished data). Researchersin the
United States found that African-American women
were significantly more likely than white women
to report hot flushes.* The difference remained
after adjustment for BMI, educational level, and
menstrual and gynecologic history. The authors
attributed the difference mainly to psychosocial
factors and stress. Despite the high prevalence of
symptoms, few African-American women had dis-
cussed menopausal management with their physi-
cians.® A study® of women of the Indian subconti-
nent living in the United Kingdom showed that the



majority regarded menopause as a hatural event.
However, only 33 percent were happy about
menopause, and 46 percent were worried about
possible adverse effects, such asill health or
weight gain. Over 75 percent of the women stated
that they would like to seek medical advice about
management of menopause. They also stated that
they would prefer afemale doctor who would be
able to communicate with them in their own lan-
guage. Thus, the overall results suggest a great
need for information and education.

The large-scale, population-based SWAN in the
United States compared symptom reporting among
white, African-American, Chinese-American, and
Japanese-American women.® The Asian-American
women had significantly fewer symptoms than the
white women, and the African-American women
had the highest prevalence of vasomotor symp-
toms.® At the same time, among premenopausal
through postmenopausal women, attitudes toward
menopause and aging were found to differ among
the ethnic groups; African-American women were
the most positive, and Chinese- or Japanese-speak-
ing women who received their schooling outside
the United States were the least positive.®
Menopause was described as a natural transition of
life by Chinese-American and Chinese women in
the United States.* It isimportant to consider
where women obtain their information about
menopause. Study results suggest distinct differ-
ences among ethnic groups. Severa U.S. studies
showed that, in general, African-American women
and in particular less educated African-American
women have less knowledge of menopause, are
less likely to discuss menopause with a physician,
and have less awareness of and less knowledge
about HRT,* athough they are more likely to
have had a hysterectomy.® There can be distinct
biases in prescribing HRT, and African-American
women are less likely than white women to use
it.® The findings should be related to those of a
recent ethnographic study by Agee of African-
American and Euro-American women of

menopausal age.** The women were interviewed in
depth about the transfer of knowledge about
menopause and aging from mother to daughter.
The African-American women more than the white
women recounted that their mothers had provided
them with the knowledge and tools to negotiate
difficulties associated with menopause. They relied
more on their own capacity to cope with problems
encountered during the menopausal transition, and
they were more prone to resist a biomedical model
and, thus, less willing to follow their doctors' sug-
gestions to start hormonal treatment. Many Euro-
American women stated that their mothers had not
talked about their menopausal problems, and many
felt that their own life experiences set them apart
from their mothers. The relative lack of arole
model made them more dependent on a medical
approach to solving problems related to
menopause.

Also, the age at natural menopause differs between
white and African-American women; the African-
American women reached menopause significantly
earlier.? In trying to explain the reasons for these
differences, the authors focused on marginalization
and psychosocial stress as the most significant pre-
dictors of earlier menopause among African-
American women.

3. ETHNOGRAPHIC STUDIES

The degree of development of a society may also
be important, and we may have to look more
closely at nonwestern societies that are not as
developed as those of Asia. There are unique stud-
ies of populations of rural women with alow level
of formal education, and living simple lives, who
show no signs of distress at menopause. Data
collection was adapted to the women'’s lifestyle
and adjusted for traditional expectancies. The find-
ings may provide us with important indications of
the role of cultural normsin symptom experience
and reporting.
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Beyene used a systematic ethnographic approach
to collect data on 107 rural Mayan women aged 33
through 57 years.** The women lived in southeast-
ern Yucatén, Mexico, where the residents were
subsistence farmers practicing traditional Mayan
ceremonies. The onset of natural menopause was
earlier than in developed Western countries. The
Mayan women became menopausal at ages 41
through 45.

The women did not consider menopause a major
crisis. In general, they reported looking forward to
menopause and likened it to being young and free.
Menopause in the rural Mayan culture was largely
unrecognized except as marking the end of men-
struation and childbearing. The women indicated
that the only recognized symptom of menopause
was menstrual irregularity followed by the final
cessation of menses. None reported hot flushes or
cold sweats. The premenopausal Mayan women
did not seem to have cultural knowledge or expec-
tations relating to the onset of menopause other
than the cessation of menstruation. Mayan women
considered menopause to be alife stage free from
taboos and restrictions. They reported better sexual
relationships with their husbands, because of no
risk of pregnancy.

The findings were particularly valuable because of
another study’s analysis of the hormonal profiles
of rurad Mayan women.* It was hypothesized that
their menopause would be endocrinologically dis-
tinct. Determination of FSH, estradiol, prolactin
(PRL), androstenedione, and testosterone values as
well as BMD of 52 postmenopausal and 26 pre-
menopausal rural Mayan women showed the same
endocrinological profile asin U.S. women. Even
with specific questioning through a native inter-
viewer, however, it was not possible to elicit famil-
iarity with hot flushes.* Interestingly, some
Mayans who had moved to a nearby city experi-
enced hot flushes.

Beyene also studied rural Greek women.” Data
were collected from women living in avillage in
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the eastern part of the island of Evia. The villagers
were farmers using traditional farming methods,
including plowing with horses and mules. Like the
Mayans, the Greek women experienced menopause
as a life stage free from taboos and restrictions.
They, too, reported better sexual relationships with
their husbands. They reported that, without risk for
pregnancy, they felt more relaxed about sex.
However, women also associated menopause with
growing old, lack of energy, and a generally down-
hill course. Premenopausal women reported anxi-
ety, negative attitudes, or anticipation, with some
mixed feelings. When asked about experience of
menopausa symptoms, 73 percent of the menopausal
and postmenopausal women reported having had
hot flushes, and 30 percent reported having cold
sweats. Unlike Mayans, Greek women understood
the concept of hot flush, and the older women even
offered the Greek word for this symptom. They
were also able to give detailed accounts of the
process of hot flushes and the times they most
often felt the sensations and changes in their
bodies. Women said they experienced more hot
flushes at night and around the times they usually
expected to have their menstrual periods.

These two cultures are very different from the
other cultures studied, since these are rural women
living in avillage, where the form of lifeis still
very traditional. In both of them, the women were
farmers with physically strenuous work. Possible
explanations for reduced symptomatology in the
rural groups could relate to physical exercise® or
dietary habits, although studies of such lifestyle
components have yielded mixed results. (See ch. 3,
sec. 5.1.) Socia or socioeconomic status probably
plays an important part. Not all women have
access to modern medical care. In an interview
study of women with spontaneous menopause in
Karachi, Pakistan, 6 percent of slum dwellers
sought treatment for symptoms, compared with 26
percent of middle class clinic attendees and 38 per-
cent of the most privileged group, wives of retired
military officers.®® Only one-fifth of the slum



dwellers reported symptoms, whereas 57 percent of
the middle class and 50 percent of the most privi-
leged group reported hot flushes. In a study in India,
women living in a culture in which social status
increased with age experienced few symptoms.*

A study of menopausal Nigerian women of Yoruba
descent found 30 percent to have had hot flushes.”
Joint pain was the most frequently reported symp-
tom. The authors suggested that the Yoruba women
may not have been as aware of hot flushes as
white women and that they may have wrongly
attributed their sensations to environmental tem-
perature or to fever.

In an ongoing population-based study of Arab
women, Obermeyer reported on the occurrence of
symptoms and on help seeking by perimenopausal
women in Beirut, Lebanon.® The proportion of
women reporting hot flushes was 45 percent, similar
to figures in the United States, Canada, and Sweden.
Reported depression was similar to that in Canada
but lower than the U.S. figure of 36 percent. The
frequency of hot flushes was higher in smokers,
and women who were employed reported fewer
symptoms. Thirty-nine percent had sought help for
their symptoms, and 15 percent reported using
HRT, figures the authors interpreted as consistent
with the high educational level of Beirut women
and the degree of medicalization in the country.

4. WHAT CAN CRrROSS-CULTURAL
CoMPARISONS TELL Us?

Flint and Samil*® and Obermeyer et a.*® in reviews
of the literature emphasized the need for integra-
tion of the biomedical and developmental views of
menopavse.

Attempts to verify menopausal symptomsin differ-
ent cultures have proved difficult. (See ch. 3.)
Results from different studies are hard to compare
because the quality of data can differ and studies
differ in design and subject representativeness.
Often, the subjects were patients or volunteers.

Much research has used rating scales transated
from European or North American studies; concerns
have been raised about the appropriateness of
translations without consideration of the cultural
relevance of the questionnaires content. Many
studies cited above demonstrated that symptom
types and patterns vary from country to country.
Vasomotor symptoms are the most frequently
reported symptoms in Europe and North America,
but in Asia psychological complaints appear to be
more common. Yoruba women in Nigeria described
joint pain most commonly. The interpretation of
bodily states and, thus, symptom experience may
be different in different cultures. Boulet et a. sug-
gested that Asian women may report vasomotor
symptoms less frequently because vasomotor dis-
tress is experienced more in psychological terms.®
There is a need to know how to ask the right
questions and a need for more knowledge of the
cultures being studied. In addition, more reliable
scales are needed, and these have to be developed
inacultura context.

Overall, there is an association between hormonal
changes and climacteric symptomatology, and the
association is modulated by cultural factors. Thereis
aconsiderable variation in the prevalence and pat-
tern of symptoms in different countries, a variation
probably due to diversity in cultural norms and tra-
ditions aswell asin diet and other lifestyle factors.

5. Access To HEALTH CARE

Kaufert developed a model of menopause in which
there are important social implications of becom-
ing menopausal that vary from one society to
another.** The definition of menopause for any cul-
ture will be derived from the meaning and conse-
guences of menopause and from how women's
roles are defined in that society. Women are aware
of these stereotypes and interpret their bodily
changes in accordance with what they have
learned. The experience of menopause is associat-
ed with awoman’s health history as well as awide
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Women need education and
balanced information to make
personal decisions regarding

whether to use HRT.

range of variables, such as genetic factors, diet,
education, marital status, number of pregnancies,
the kind of work she has carried out, social sup-
port, and access to health care.®

| Access to health

care varies widely
among countries.
Women's choices
around menopause
are said to bear
conseguences for

their headlth in old
age. For along time, hot flushes and night sweats
were considered to be core symptoms of menopause
and the most important reason for using HRT.
More recently, HRT has been widely promoted for
prevention against osteoporosis, CVD, and an
array of other conditions. Educated women in
industrialized countries with well-devel oped med-
ical care are a privileged group with accessto the
most recent information on HRT, whereas other
groups have less access and less knowledge. On
the other hand, medicalization of menopause in
cultures in which menopause is not perceived as a
problem is an important issue that should be debat-
ed. Some critics have questioned the role of the
pharmaceutical industry in influencing health care
through product promotion.® Developing countries
with scarce resources are less likely than devel-
oped countries to allocate funds for care of
menopausal women. In addition, the inequality
among socia groups within countries can result in
very different access to information and care.

Promoting positive attitudes to aging and to
menopause could be important in modifying symp-
toms and improving the health of women.>
Women need education and balanced information
to make personal decisions regarding whether to
use HRT. An important goa for health care
providers should be to educate women. Such edu-
cation should lead to greater equality among
women in different cultures and socia levels and
help women control their own health.
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6. CONCLUSIONS

Menopause has long been considered a turning
point in women’s lives in western cultures.
Although menopause as a physiologic event
remains constant, attitudes toward and beliefs about
menopause vary considerably historically and
cross-culturally. In the past decade, there has been
a heated debate among biomedical and socia sci-
entists as to whether menopause should be seen as
adeficiency disease rather than a natural event.
Cross-cultural comparisons fuel the debate by
showing that the relation between hormones and
symptoms is, indeed, complex. There are signifi-
cant differences in patterns and prevalence of
symptoms between countries and, interestingly, in
the types of symptom reported in different ethnic
groups within countries. It is difficult, however, to
draw firm conclusions from available cultural and
ethnographic comparison studies because of a
number of limitations. Among these are differences
among cultures in language used to describe symp-
toms and in women's inclination to report symp-
toms; use of different methodologies in study
design and instruments used to measure symptoms,
and differences in diet and other lifestyle factors
that make it difficult to establish cultural versus
biologic reasons for symptom expression. (See ch. 3)



7. FUTURE NEEDS

» Ascross-cultura research on menopause has
been hampered by methodological difficulties,
better controlled, population-based studies are
needed which use standardized instruments
adapted to the culture studied.

» Thereis growing recognition that investigators
in different disciplines have to work together for
abetter understanding of women's health at
menopause; such collaboration is particularly
needed for cross-cultural work.

» An interactive psycho-bio-cultural model of
menopause is heeded, which recognizes the
interplay between the individua and her psy-
chosocia and cultural environment. From such
a perspective, symptoms can be seen as the
result of increased vulnerability due to hormon-
al changes interacting with psychological and
sociocultural factors.

» Access to health care has been shown to vary
among countries and among socioeconomic
groups within countries. It is important that
research results be disseminated within the cul-
tures under study so that women can make their
personal decisions about possible interventions
and treatment strategies.
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CHAPTER 5: PHYSIOLOGICAL ROLE OF ESTROGEN AND
ESTROGEN RECEPTORS

Jan-Ake Gustafsson, M.D., Ph.D.* and Sefan Nilsson, Dr. Med. Sci.f T —
There are two different ER

KEY POINTS? subtypes, ERa and ERp,

that mediate the biological

1. There aretwo different ER subtypes, ERa and ER[, that mediate the effects of estrogens and
biological effects of estrogens and antiestrogens. Different ligands induce . .
different ER conformations. antiestrogens. Different

2. Different mechanisms of target gene regulation affect the agonist- ligands induce different

antagonist profile of aligand. SERMs have atissue- and gene-specific ER conformations.
mixed agonist-antagonist effect.

3. Both ERa and ERP are expressed in human breast cancer. Measurement of both ERa and ER[ is suggested
for selection of appropriate breast cancer therapy.

4. Both ERa and ER[ are important for normal ovarian follicular development and female fertility.

5. ERB-selective agonists may protect from abnormal prostate growth and may be the therapy of choice for
urge incontinence in women.

6. Available data suggest that ERa plays an important role in bone maturation and homeostasis in both women
and men but that ER[ also has a specific role in bone physiology in women.

7. ERa and ERp are expressed in vascular endothelial cells, smooth muscle cells, and myocardial cells.
Potential beneficial effects of estrogens on cardiovascular function and reactivity stem from direct effects on
cellsin the vascular system but also from effects on liver and circulating monocytes-macrophages.

8. Estrogens are linked to a variety of functionsin the CNS: learning, memory, awareness, fine motor skills,
temperature regulation, mood, reproductive functions, and depression. The predominant expression and
localization of ERP in rat neocortex, hippocampus, and nuclei of the basal forebrain suggest an important
role for ERP in learning and memory.

* From the Department of Medical Nutrition; Chairman, Department of Biosciences, Karolinska Institute, Novum, Huddinge University Hospital,
Huddinge, Sweden.

" From the Department of Medical Nutrition, Karolinska Institute, Novum, Huddinge University Hospital, Huddinge, Sweden.

2 Evidence categories are given in square brackets. A = randomized controlled trials (rich body of data); B = randomized controlled trials (limited data);
C = nonrandomized trials and observational epidemiologic studies; D = Panel expert judgment. (See also table 1-1.)
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9. Estrogen and inhibins produced by the ovaries
are important feedback regulators of the
hypothalamo-pituitary axis (HPA) and the
serum levels of LH and FSH. ERa seems to
be more involved in the LH, FSH feedback
loop than ERP.

10. ERa and ER[ subtype-selective SERMs may
better provide the benefits of estrogen replace-
ment therapy (third generation HRT) than cur-
rently used treatments.

EXTENDED SUMMARY

Introduction: Nuclear

an important role  receptors such asthe ER are
ligand-dependent transcrip-
tion factors. There are two
different ER subtypes, ERa
and ER, that mediate the
biological effects of estro-

Estrogens have

in maintaining a
balanced bone

metabolism.

gens and antiestrogens. ER3
exists in multiple isoforms. Different ligands
induce different ER conformations, and thereis a
dramatic difference in the topology of the ER sur-
face between agonist- and antagonist-bound recep-
tor. Coactivators and corepressors interact with lig-
and-bound ERa and ER[3 and play, together with
the receptor, an important role in the regulation of
ER target-gene expression. Different modes or
mechanisms of target gene regulation affect the
agonist-antagonist profile of aligand. SERMs have
atissue- and gene-specific mixed agonist-antago-
nist effect. Alternative indirect activation pathways,
other than binding of natural or synthetic small
organic hormones or drugs, can also modulate the
ER activity. Estrogens have also very rapid effects,
so-called nongenomic effects. Nonreceptor-depen-
dent antioxidant effects by estrogens have been
reported, protecting from neurodegenerative disor-
ders and atherogenesis.

Breast Tissue: Thereisno pubertal breast devel-
opment in aromatase-deficient women due to lack
of or too low levels of circulating estrogens.
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Estrogen therapy of aromatase-deficient female
patients led to normal prepubertal and postpubertal
breast development. ERa has been shown to be
necessary for mouse mammary gland development.
ERP is abundantly expressed in rat breast. Both
ERa and ER[ are present in human breast cancer.
Measurement of both ERa and ERp is suggested
for selection of appropriate breast cancer therapy.

Urogenital Tract: ERa and ERP are both
expressed in uterus, ovary, testes, and prostate in
the mouse. Absence of ERa resultsin infertility in
both male and female mice. Absence of ERf3
resultsin partial infertility in female mice but no
impaired fertility in male mice. ERB-deficient mice
display hyperplasia, dysplasia, and prostatic
intraepithelial neoplasia (PIN)-lesions of the
prostate. Deficiency of aromatase in human
females led to ambiguous genitalia and polycystic
ovaries. ERT of aromatase-deficient female
patients led to resolution of the ovarian cysts and
menarche. Male patients with estrogen deficiency
or estrogen insengitivity are reported with
macroorchidism or oligozoospermia. ER-selec-
tive agonists may protect against abnormal prostate
growth and may be the therapy of choice for urge
incontinence.

Bone: Estrogens have an important role in main-
taining a balanced bone metabolism. In addition,
estrogens protect postmenopausal women from
bone loss and the devel opment of osteoporosis.
Estrogens may play an important role in the main-
tenance of bone mass in aging men. Estrogens are
important for the pubertal growth spurt and epi-
physeal closurein girls aswell asin boys. There
are likely both direct and indirect (systemic)
effects of estrogens on bone metabolism and
homeostasis. Both ERa and ER[ are expressed in
the bone-forming osteoblasts. Estrogen insensitivi-
ty in amale patient caused by ERa deficiency led
to osteopenia and continuous longitudinal growth
due to unfused epiphyses. Mae and female
patients with aromatase deficiency have increased
bone turnover, delayed bone maturation, low



BMD, and tall stature due to unfused epiphyses.
ERT of both female and male aromatase-deficient
patients resulted in growth spurt, closure of the
epiphyses, and increased BMD. Lack of ER3
expression in the female ER[-/- mice led to a mas-
culinized bone phenotype of the long bones but no
effect on the bone phenotype in male mice. Available
data suggest that ERa plays an important rolein
bone in both men and women but that ER[3 per-
haps has arole in bone physiology only in women.

The Cardiovascular System: A number of gen-
der-related cardiovascular differences have been
reported, for example, (1) lower risk for young
women than for young men to develop atheroscle-
rosis and CVD, (2) higher prevalence of |eft ven-
tricular hypertrophy in men than in women, (3)
significantly greater intimal thickening after vascu-
lar injury in men than in women, and (4) the rapid
vascular response to estrogen in women but not in
men. ERa and ER[ are expressed in vascular
endothelia cells, in smooth muscle cells, and in
myocardial cells. Both ERa and ER can mediate
the vascular injury response to estrogens, suppress-
ing smooth muscle cell proliferation and intimal
thickening. Estrogens have both genomic and
nongenomic effects on vascular tissue. Part of the
beneficial effects of estrogen on cardiovascular
function and reactivity comes from liver-specific
effects of estrogens on the serum lipid/chol esterol
profile. ERa most likely mediates the liver-specif-
ic effects of estrogens. Also monocytes-
macrophages are potentia targets for the beneficial
effects of estrogens on the cardiovascular system
and the development of atherosclerosis.

Central Nervous System and the Hypothalamo-
Pituitary Axis: Estrogens are reported to influence
avariety of functionsin the CNS such as learning,
memory, awareness, fine motor skills, temperature
regulation, mood, and reproductive functions.
Estrogens are also linked to symptoms of depres-
sion and treatment of depressive illness. Different
brain structures and neurotransmitter systems are
involved in the different effects of estrogens. The

predominant expression and localization of ER[ in
rat neocortex, hippocampus, and nuclei of the
basal forebrain suggest an important role for ER3
in learning and memory. Estrogen, through effects
on the HPA, modulates the expression and secre-
tion of several hormones from the anterior pitu-
itary gland, such as LH, FSH, growth hormone
(GH), and PRL. Female and male patients with
aromatase-deficiency have elevated levels of LH
and FSH and elevated circulating levels of andro-
gens. Substitution with conjugated estrogens in
both male and female aromatase-deficient patients
resulted in normalization of gonadotropin and
testosterone levels. Clinical data on a male patient
with an ERa nonsense mutation also showed
increased circulating LH and FSH levels despite
high estrogen levels. In ERa-/- mice, the serum
LH but not the FSH levels were elevated despite
tenfold higher circulating levels of estrogen.
Available data indicate that estrogens rather than
testosterone (in both men and women) together
with inhibins are the major regulators of serum
gonadotropin levels and that ERa seems to be
more involved in this process than ERQ.

Hormone Replacement Therapy: Traditional
Alternatives and Future Perspectives: The most
common regimens in use to treat symptoms of the
menopause and post-
menopausal health
risks are 17p3-estradiol,
esterified estrogens, or
CEEs, each in combi-
nation with a progestin,
for example, MPA. The
awareness of undesired
effects and serious

ERa and ER[ are
expressed in vascular
endothelial cells,
smooth muscle cells

and in myocardial cells.

health risks (breast can-
cer, endometrial cancer, and venous thromboem-
bolism) with existing HRT (first generation HRT)
warrants alternatives with improved safety profile.
Alternative regimens for women who do not wish
to take today’'s first generation HRT exist. Non-ER
subtype-selective SERMSs (second generation
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HRT) display tissue-selective estrogen agonism.
Although the most frequent and serious health
risks of first generation HRT are obviated by these
SERMs, they till suffer from low efficacy com-
pared to first generation HRT, and they aggravate
hot flushes. The existence of two ER subtypes,
ERa and ER, gives the opportunity to develop
ER subtype-selective ligands that will most likely
better provide the benefits of ERT, with an
improved thergpeutic profile (third generation HRT).

1. INTRODUCTION

Around 1960, Jensen and colleagues came to the
conclusion that the biological effects of estrogen
had to be mediated by a receptor protein.* Since
then, two ER subtypes have been cloned, ERa?
and ER.* The discovery of rat ERB was rapidly
followed by the cloning of ERp from other
species™ and the identification of several ER[ iso-
forms with: (1) extended N-termini,”® (2) a variant
with an 18 amino acid residue insertion into the
ligand-binding domain (LBD), with altered ligand-
binding characteristics,** and (3) C-terminal splice
variants unable to bind ligand or activate reporter
gene transcription.*** Various alternatively spliced
forms have been described also for ERa.*** The
biological and physiological significance of differ-
ent isoforms of ERa and ER is unknown and
remains to be investigated. Whether there is still
another ER subtype (e.g., ERYy) to be found remains
an open question. However, the vascular protective
effect of estrogen in the absence of ERa and ER[3*
and the fact that ERa and ER[ double knockout
(DERKO) mice survive to adulthood® may suggest
that yet another unidentified ER exists.

ERa and ER[ are similar in their architecture to
the other members of the steroid-thyroid hormone
superfamily of nuclear receptors”* in that they are
composed of independent but interacting functional
domains: the N-terminal A/B domain, the least
conserved among nuclear receptors, enables the
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receptor to interact with members of the transcrip-
tional apparatus; the C domain, involved with
binding of DNA, contains two zinc-binding motifs
and a dimerization interface that mediates coopera-
tivity in DNA binding; the D domain, also referred
to as a“hinge region,” necessary to give the recep-
tor some flexibility between the DNA and the LBDs,
binds heat shock protein hsp 90, and probably har-
bors the sequence representing the nuclear local-
ization signal; and the E/F multifunctional domain
recognizes and binds aligand and isinvolved in
receptor dimerization and interaction with tran-
scription factors and cofactors.*® The gene modula
tory effect of areceptor following binding of alig-
and depends on the conformational change of the
receptor induced by the ligand and the subsequent
events, including release of inhibitory proteins
(heat shock proteins), receptor dimerization, recep-
tor:DNA interaction, recruitment of and interaction
with coactivators and other transcription factors,
and the formation of a preinitiation complex.*

In particular, two regions in the ERa participate in
transcriptional activation of target genes by forming
protein:protein contacts with other transcription
factors or coactivators, the ligand-independent,
N-terminal activation function 1 (AF-1) and the
ligand-dependent, C-terminal activation function
2 (AF-2).1» 2= gynthetic ligands with mixed ago-
nist-antagonist activity, so-called SERMs, such

as tamoxifen and raloxifene, display alow but
significant partial estrogen agonist activity via
ERa on an estrogen-responsive element (ERE).*
In contrast, these mixed agonists-antagonists dis-
play pure antagonism via ER3 on an ERE site.
The partial agonism of the SERM tamoxifen by
ERa is mediated by a dlightly different part of the
ERa AF-1 region than required for estradiol (E2)
signaling.® The pure antagonism of tamoxifen by
ERP was recently explained by the lack in human
ERR of this particular function of hERa AF-1.%
Thus, differences in the amino-terminal regions of
ERa and ERB most likely explain the differences
in their response to mixed agonists-antagonists,



such as tamoxifen and raloxifene, on an ERE site.
(See dso ch. 6, sec. 3.2.4 for mechanism of antag-
onist action.)

The ER LBD, similar to other intracellular recep-
tors, is made up of 12 a-helices, named H1-H12.
Helix 12 (H12), together with amino acid residues
in helices H3, H4, and H5, constitute the AF-2
coactivator recruitment and interaction surface.
The resolution of 3D structures of ERa in complex
with agonists and antagonists has given a molecu-
lar mechanism for agonism and antagonism,
respectively.* When the ER LBD is complexed
with estradiol or diethylstilbestrol (DES), H12 is
positioned over the ligand-binding pocket, generat-
ing the AF-2 surface that promotes interaction
with coactivators® and transcriptional activation.
In contrast, in the ERa or ERPB LBD-raoxifene
complexes®* or in the ERa LBD—4-hydroxyta
moxifen complex,® H12 was instead positioned in
the hydrophobic cleft formed by H3, H4, and H5,
foiling the coactivator interaction surface. (See
also ch. 6, sec. 3.2.4 for molecular mechanisms of
antiestrogen action.) It is evident that different
ligands induce different receptor conformations™*
and that different conformations of the receptor
affect the efficiency by which coactivators and
corepressors interact with the liganded receptor®
and, consequently, the agonist-antagonist profile
of ligands.®

In recent years, there has been a strong focus on
the cloning and characterization of nuclear recep-
tor coactivators, corepressors, and their associated
histone acetyl transferases (HATS) or deacetylases,
respectively.® Integrator molecules like CREB
(cCAMP responsive element binding protein) bind-
ing protein (CBP/p300) and coactivator and core-
pressor proteins form protein:protein complexes
with liganded nuclear receptors, bringing HATS or
deacetylases in juxtaposition to chromatin. These
events play akey role in the transcriptional regula-
tion of target genes by liganded nuclear receptors
and determine the final outcome on target gene
expression.

The presence of different ER subtypes and iso-
forms and different coactivators and corepressors
and our increasing knowledge of mechanisms by
which ERa and ER, respectively, can modulate
target gene expression have significantly added to
our understanding of the physiology and pharma-
cology of estrogens and antiestrogens and have
given a plausible explanation of why antiestrogens
and SERMs sometimes behave more like estrogen
agonists than estrogen antagonists. Initialy it was
believed that the ER affected the transcription of
estrogen-sensitive genes only by direct binding of
the ligand-activated receptor to EREs on DNA. We
now know that ERa and ER[3 also can modulate
the expression of genesin an indirect manner,
either by blocking the ability of atranscription
factor to bind to its response element on DNA *
thereby inhibiting gene expression, or by stimulat-
ing gene expression by indirect binding of ER to
DNA response elements through protein:protein
interaction with other transcripton factors.*=

The different mechanisms by which ERa and ERf3
modul ate gene expression have changed our view
of the pharmacology of estrogens and antiestro-
gens. The terms “agonism” and “ antagonism”
should be used with care. Natural or synthetic hor-
mones that we now categorize as estrogen agonists
and estrogen antag-
onists should per-
haps not, in general
terms, be catego-
rized in this way.
The reason for the
caution is exempli-
fied by the tran-
scriptional effect of
ERa and ERp via
an activator protein
1 (AP1) sitein the presence of estrogens and antie-
strogens.® With ERa, typical agonists such as
estradiol and DES but also the antagonist tamox-
ifen function as equally efficacious agonistsin the
AP1 pathway, the antagonist raloxifene being only

The different mechanisms by
which ERa and ERB modulate
gene expression have
changed our view of the
pharmacology of estrogens

and antiestrogens.
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apartial agonist. In contrast, with ER[, estradiol
acts as an antagonist inhibiting the agonistic activi-
ty of the two antagonists tamoxifen and
raloxifene®

In addition to the classical activation of the ERs by
natural or synthetic hormones, alternative, indirect
activation pathways of the ER (at least a) in the
absence of ligand has been described®* as a con-
sequence of the activation of membrane receptors
like those for insulin-like growth factor (IGF)-I,
epidermal growth factor (EGF)* and TGF and
dopamine. Still debated is the exact mechanism
involved in this process. Several studies utilizing
specific inhibitors of trandsduction signals, like
ras, and protein kinase A and C (PKA and PKC),
have clearly shown that the full activity of these
molecules is essentia for unliganded ER activa-
tion. Furthermore, point mutation studies have
shown that two serines located in the N-terminal
A/B domain are required for this process.”? These
findings indicate that phosphorylation of ER or of
molecules interacting with ER isinvolved in tran-
scriptional activation of the unliganded ER. More
studies are necessary, particularly to better define
whether this mechanism is conserved among dif-
ferent cell types. In fact, studies in various cell
systems favor the hypothesis of differential mecha-
nisms depending on the system examined.“ The
current hypothesis for the physiological signifi-
cance of these dternative pathways implies that
they may be of relevance in those phases of
embryologic development in which neither estradi-
ol nor its metabolites are available (e.g., during the
maturation of the reproductive and the nervous
systems).*” These mechanisms might also be of
pharmacological interest in the treatment of neo-
plastic forms that express the ER but have lost the
responsiveness to treatment with ER antagonists
(e.g., certain type of mammary carcinomas).

Another emerging and potentially important path-
way involves the very rapid so-called nongenomic

effects of ligands on nuclear receptors. In
endothelial cells, estrogen-ER complex-mediated
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membrane effects lead to sequentia activation of
ras, raf, mitogen-activated protein kinase kinase
(MEK) and, subsequently, activation of mitogen-
activated protein kinase (MAPK).® It is proposed
that this may lead to activation of endothelial nitric
oxide synthase (eNOS) and stimulated release of
nitric oxide (NO). In neurons, membrane effects of
estrogen lead to stimulation of src, ras, MEK, and
MAPK, resulting in neuroprotection, and in the
bone-specific osteoblasts, the membrane effects of
estrogen may be involved in control of apoptosis,
cell proliferation, and differentiation.®

An important aspect of the physiology and phar-
macology of estrogens, which does not require the
presence of the receptor protein, is their described
antioxidant effects, suggested to protect from neu-
rodegenerative disorders caused by oxidative
stress, asin Alzheimer’s disease or atherogenesis
due to excess uptake of oxidized low density
lipoproteins (LDLs) by macrophages in the vascu-
lar wall.**** Components of CEEs have aso been
tested for their antioxidant effects.® Equilin and its
derivatives were reported to be better antioxidants
than estradiol in inhibiting peroxidation of fatty
acids and cholesterol in LDL particles. Other
agents reported to exert neuroprotective or
antiatherogenic effects caused by oxidative stress
are phenolic compounds, vitamin E, insulin-like
growth factor-1, and mifepristone (RU486).>* In
the context of antioxidant effects, antiestrogens
(trans-hydroxytamoxifen, tamoxifen, and Imperial
Chemical Industries PLC [(ICI) 182,780] but not
E2 have been shown to activate the transcription of
the quinone reductase gene and to increase
NAD(P)H:quinone oxidoreductase enzyme activity
via an electrophilic/antioxidant response element
(EpRE/ARE).* Furthermore, E2 inhibited the
agonistic effect of the antiestrogens, and ER[3 was
more efficacious than ERa in stimulating
EpRE/ARE-containing reporter gene expression.®
These findings suggest that antiestrogens are also
potent antioxidants and stimulators of phase 2
detoxification enzyme genes, protecting cells from



damage by radicals and other toxic byproducts of
metabolic oxidation.

ERa gene polymorphisms may also provide
important information about the physiology of
estrogen action. Different ERa polymorphic forms
have been linked to increased pig litter size” and
human breast cancer susceptibility,* low BMD,
osteoporosis,® hypertension,® spontaneous abor-
tion,* and increased body height.®

2. BREAST TISSUE

The importance of estrogens in the devel opment

of female breast tissue is well documented. Female
aromatase-deficient patients, unable to convert C*
steroids (e.g., testosterone) to estrogens, showed
no sign of breast development at the onset of
puberty®. Administration of estrogen to the two
described female patients led to normal prepubertal
and postpubertal breast development.

ERa knockout (ERKO or ERa-/-) female mice
have lost their capacity to develop mammary gland
tissue beyond the embryonic and fetal stages
despite elevated levels of circulating estrogens
(17B-estradiol). Thisimpairment of breast develop-
ment has been attributed to the lack of both direct
and indirect (regulation of growth factor, e.g.,
EGF, and progesterone receptor (PR) expression)
stimulatory effects of estradiol on breast epithelial
and stromal tissues, due to missing ERa expres-
sion.® Applying tissue recombinant experiments
and making a series of wild-type and ERa-/- breast
stromal and epithelial tissue combinations, it was
concluded that ERar expression in the stromal cell
layer was essential for growth stimulation of the
ductal epithelium in the mammary gland in mice.®
PRL, also expressed and secreted from the anterior
pituitary, plays acrucia role in mammary gland
physiology. In ERKO female mice, the expression
of PRL from the anterior pituitary and the circulat-
ing levels of PRL in serum are decreased by twen-
tyfold and fivefold, respectively. It is conceivable

that the impaired mammary tissue development in
ERKO female mice is also due to decreased levels
of PRL, in part due to lack of ERa expression in
ERKO pituitary.”

More than 70 percent of primary breast cancersin
women are ER (should be read ERa) positive and
show estrogen-dependent growth that undergoes
regression when deprived of supporting hormones.
Patients whose breast tumors lack significant
amounts of ERa rarely respond to endocrine abla-
tion or treatment with antiestrogens, whereas most
patients with ER-containing breast cancers benefit
from such treatment.

Immunochemical determination
of ER in tumor biopsies has
become aroutine clinica pro-
cedure on which the choice of
therapy is based. However, the
currently available immuno-
chemica procedures for ER
measurements are based on
ERa-specific antibodies that do
not detect ER protein (unpub-
lished observations).

The importance of
estrogens in the
development of

female breast tissue

is well documented.

ERB mRNA and protein, together with ERa
MRNA and protein, have been detected in human
breast cancer biopsies and in human breast cancer
cell lines.® With the use of receptor-specific anti-
bodies, both ERa and ER[3 were found to be
expressed in the normal rat mammary gland, but
the presence and cellular distribution of the two
receptors were distinct. While the level and per-
centage of cells expressing ER3 was more or less
constant during prepubertal and pubertal stages
and throughout pregnancy, lactation, and postlacta-
tion, the level and percentage of ERa-containing
cells varied dramatically. The possible role of ER[3
in normal breast tissue development and physiology
and in breast cancer development and/or therapy
is, however, as yet unknown.®
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3. UROGENITAL TRACT

ERa and ERP are both expressed in uterus, ovary,
testes, and prostate, but with different cellular
locdlization. In the ovary, ERa is mainly expressed
in thecal cells and in the prostate mainly in the
stromal compartment. ERP is expressed mainly in
glandular epithelium of the uterus, primarily in the
granulosa cells of the ovary, and mainly in the
epithelium of the testes and prostate.

Aromatase-deficiency

sitivity caused by a honsense mutation in ERa
gene™ are reported to have macroorchidism or
oligozoospermia and/or decreased sperm viability
or motility. The fertility of the aromatase-deficient
or estrogen-resistant male patients is not known.
Male ArKO mice were initialy fertile but devel-
oped progressive infertility” due to arrested sper-
matogenesis. These findings suggest that estrogen
has a direct effect on male germ cell development
and fertility.

Deletion of the ERa gene in mice results in infer-
tility in both females and males. ERa-/- female
mice show complete infertility with hypoplastic,
estrogen-resistant uteri and hyperemic ovaries with
no ovulatory capacity.* Similar to the aromatase-

in female patients led
to excess circulating

androgens in the fetus
and at puberty, result-
ing in virilization and

ERa and ERp are both
expressed in uterus, ovary,
testes, and prostate,

but with different cellular

ambisexual develop-
ment. The two aro-
matase-deficient

localization.

female patients® were reported with ambiguous
genitalia at birth, a phenotype that was further
pronounced at pubertal age, and with polycystic
ovaries, characterized by a disproportionate num-
ber of atretic follicles and dense fibrotic subcortical
stroma. The elevated serum levels of FSH and LH
in these patients, as aresult of perturbed estrogen-
dependent negative feedback on gonadotropin pro-
duction, were suspected to be the cause of the
polycystic ovaries. Estrogen replacement in these
affected female patients led to normalized
gonadotropin and androgen levels, resolution of the
ovarian cysts, and menarche.® Like female
aromatase-deficient patients, aromatase knockout
(ArKO) female mice had low serum estrogen lev-
els and high testosterone and gonadotropin levels.®
Female ArK O mice also displayed genital anom-
alies, with underdevel oped external genitalia and
uteri; and the ovaries contained numerous follicles
that appeared arrested before ovulation. The stroma
of the ovaries was hyperplastic, with structures that
appeared to be atretic follicles. No corpora lutea
were present.®

Male patients with either defective estrogen pro-
duction® and the male patient with estrogen insen-
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deficient female patients, ERKO female mice have
elevated testosterone and LH levels. Treatment of
these mice with a GnRH antagonist reduced the
serum levels of LH and reverted or prevented the
cystic ovarian phenotype,™ in agreement with the
disappearance of polycystic ovaries in aromatase-
deficient female patients following estrogen substi-
tution and subsequent normalization of serum
gonadotropin levels. To challenge the ovulatory
deficiency of ERKO female mice, immature mice
were treated with exogenous gonadotropins.
Although the ovulatory capacity was reduced com-
pared with age-matched wild-type mice, the collected
oocytes were fully competent to undergo successful
in vitro fertilization,” suggesting that ERa is not
critical for follicle maturation and ovulation.

ERP knockout (BERKO or ER(-/-) mice also have
been generated. Female animal's showed reproduc-
tive defects (20 percent of normal fertility),* while
males showed normal fertility. The LH and estro-
gen levelsin BERKO females are comparable to
wild-type, but their fertility is compromised due to
reduced ovarian efficiency. Superovulation of
BERKO female mice exhibited several mature but
unruptured follicles. The number of corporalutea
was considerably less than in wild-type mice, sug-
gesting an attenuated response to the ovulatory
hormone surge in the absence of ERp.



Female mice unable to express either ERa or ER,
DERKO mice, exhibited normal reproductive tract
organ development but were, as expected,
infertile.®* Similar to ERKO femae mice, the
DERKO females showed uterine hypoplasia but no
polycystic ovaries. The ovaries of prepubertal
DERKO females, displayed precocious maturation
evidenced by multiple, large antral follicles, not
observed in control wild-type females. The very
high serum levels of LH in these animals explain
the prepubertal, precocious ovary phenotype of the
DERKOs.** The ovarian phenotype of the adult
DERKO femae was distinct from the ERKO and
BERKO female phenotypes, most notably by the
presence of structures resembling seminiferous
tubules of the testis. The sex-reversal of the adult
DERKO ovary phenotype was judged to be caused
by aredifferentiation of ovarian components rather
than by a developmental phenomenon.*® In summa-
ry, based on the ovarian phenotype in DERKO
females, it was concluded that both ERa and ER[3
are required for the maintenance of germ and
somatic cellsin the postnatal mouse ovary.

Male ERKO mice are infertile, with atrophy of the
testes and seminiferous tubule dysmorphogenesis
resulting in decreased spermatogenesis and inac-
tive sperm.* Recently, a more detailed study of the
cause of the infertility of male ERKO mice provid-
ed biological evidence that ERa plays an impor-
tant role in the reabsorption of luminal fluid from
the efferent ductules during the transit of sperma-
tozoa from the testis to the head of the
epididymis.®* Concentration of sperm is claimed to
improve their survival and maturation during epi-
didymal storage. Administration of high levels of
estrogen to men is known to cause infertility. Thus,
another possible explanation that may contribute to
the nonreproductive phenotype of ERKO male
mice is the relatively high levels of estrogensin
ERKO mice and the presence of ER[ in seminifer-
ous epithelium, spermatids, and spermatocytes,
causing infertility by a direct action on the testes.
In contrast to male ERKO mice, mae BERKO
mice are fertile,* suggesting a different role for

ERB compared to ERa in the male reproductive sys-
tem. As expected, DERKO male mice areinfertile,
with an 80-percent reduction in the number of
sperm produced in the testis.*®

Estrogens are claimed to be effective in the treat-
ment of urge incontinence in postmenopausal
women. It has recently been shown that ER[ is
highly expressed in the inner epithelial cell layer
of the rat bladder and urethra.” These results sug-
gest that female patients with Ul might benefit
from ER[-selective agonist therapy.

Estrogens have aso been linked to prostate disease.
In different species, estrogens synergize with
androgens in inducing glandular hyperplasia and
dysplasia and in inducing adenocarcinomain the
prostate.” Immunohistochemical studies revealed
that ER[ is the predominant ER subtype in the
prostate, located in the epithelia cells along the
ductal network of the prostate. ERa has been
detected only in the stromal compartment of the
prostate.”™ It has been suggested that ER is reg-
ulated by androgens in the prostate, since the
abundance of ERB mRNA was rapidly reduced fol-
lowing castration but restored after testosterone
replacement.” Exposure of wild-type mice to the
estrogen 5a-androstane-33,173-diol, a metabolite
of dihydrotestosterone, caused a decrease in the
level of androgen receptor (AR) in the prostate.”
In ERB-/- mice, however, the level of AR is elevat-
ed, and 5a-androstane-3f3, 17[3-diol was without
effect, suggesting that the AR geneis an ER[ target
in the prostate.” Exogenous estrogens have a nega
tive effect on epithelial cell differentiation, ductal
morphogenesis, and prostate growth,™ and the
prostate of adult rats neonatally exposed to estro-
gens shows hyperplasia, dysplasia, and presence of
in situ carcinoma. It was hypothesized that ER is
amarker of epithelial differentiation and that the
declinein epithelia cellsin neonatally estroge-
nized ratsis aresult of altered epithelial cell differ-
entiation.™”™ ERB-/- mice display signs of prostatic
hyperplasia with aging.™ This suggests that ER3
may protect against abnormal prostate growth.
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4. BONE: DEVELOPMENT AND
HOMEOSTASIS
It iswell established that estrogens exert an impor-
tant influence on bone physiology; clinically thisis
manifested by the occurrence of osteoporosisin
postmenopausal women. There is also compelling
evidence that estrogens protect postmenopausal
women from bone loss and the development of
osteoporosis, maintaining a balance between bone
resorption and bone formation.” The level of
estrogens may play a more important role than
testosterone for the maintenance of bone mass also
in aging men,”® with a positive correlation
between BMD and serum estradiol concentrations
rather than testosterone levels.

Asin other tissues, there are most likely both
direct and indirect effects of estrogens in maintain-
ing a balanced bone metabolism. The likelihood of
important direct effects of estrogens on boneis
based on the presence of ERa in the bone-forming
osteoblasts™® and in the bone-resorbing osteo-
clasts.® ERPB mRNA has been found in primary rat
osteoblasts, in rat osteosarcoma cells,® and in
immortalized human fetal osteoblasts.® Evidence
for indirect effects of estrogens on bone metabo-
lism stems from studies in mice, rats, and
humans,®=** suggesting a coupling and cooperativi-
ty between GH and estrogen in bone metabolism.
Taken together, these studies indicate that estrogen
substitution can increase the circulating levels of
GH® and the levels of GH receptor on osteoblasts®
and that there is a mutual dependence of GH and
estrogen action on bone growth, mineral density,
and maintenance.®®&4 |n addition, estrogens may
have indirect effects on osteoclast differentiation,
maturation, and activity by inhibition of cytokine
expression®* and via stimulation of osteoprote-
gerin expression from human osteoblasts.* The
importance of these interactions for the mainte-
nance of bone health needs to be evaluated.

Despite approximately tenfold higher levels of
circulating estradiol in ERa-/- mice, there was a
significant decrease in the length and size of the

86

femur in females but only slight decreasein
males.* In contrast, the decrease in BMD and
BMC was more pronounced in ERKO males than
females.* In BERKO mice, the bone phenotype of
male mice was unaffected compared to wild-type
male mice, while there was a masculinization of
the long bones (femur) in the female BERKO
mice.” Lack of ER[3 expression in the female
BERKO mice led to increased length of the femur,
thicker cortical bone (increased BMC due to
increased periosteal circumference), and increased
Size of the vertebrae, approaching the correspond-
ing characteristics of wild-type male mice. There
was no effect on trabecular architecture or BMD in
the male or female BERKO mice. Ovariectomy of
female mice leads to loss in trabecular BMD to a
similar extent in both BERKO and wild-type ani-
mals,”” suggesting an important role for ERa in the
maintenance of trabecular BMD and architecture
in mice. A further support for the importance of
ERa in bone physiology was obtained from exami-
nation of a male estrogen-insensitive patient with a
nonsense mutation of the ERa gene.™ Similar to
the ERKO mice, he had elevated levels of LH,
FSH, and estrogen. Despite the elevated levels of
estrogen, he had low BMD and continuous linear
growth because of unfused epiphyses, suggesting
an important role for ERa in human bone biology.
The decrease in length and size of femur in the
female ERKO mice may beindicative of an effect
of ERp in the presence of excessive amounts of
estradiol or its metabolites. The possible effects of
disrupted ERa and ER[ expression in ERKO and
BERKO mice, respectively, on GH expression and
its consequences for the bone phenotype in these
animals are not yet known.

Mae and female patients with aromatase-deficiency®
have increased bone turnover, delayed bone matu-
ration, low BMD, and tall stature due to unfused
epiphyses. They have elevated circulating levels of
androgens, FSH, and LH but very low or unde-
tectable levels of estrogen. ERT of both female and
male aromatase-deficient patients resulted in



growth spurt, closure of the epiphyses, and
increased BMD,® suggesting a very important role
for estrogens not only in females but also in males.

The pubertal growth spurt starts earlier in girls
than in boys,® beginning at midpubertal stagein
boys. The average duration of pubertal growth
spurt in girlsis shorter than in boys, possibly
explained by higher levels of estrogen in prepuber-
tal girls than in prepubertal boys, hypothesized to
cause amore rapid skeletal maturation and epiphy-
seal closurein girls than in boys. Using an ultra-
sensitive assay for determination of serum estrogen
levels, the rise and decline in estrogen levelsin
boys have been assessed in correlation to age,
pubertal growth peak velocity, bone maturity, and
epiphysead closure.® In this study, there was a
close correlation between the rise in estrogen level
and therise in the level of testosterone, and the
risein estrogen level correlated with the time of
peak growth velocity.® Following growth spurt in
these boys, there was a further increase in estrogen
levels that was sustained toward the end of puberty,
hypothesized to accelerate epiphyseal fusion.®

5. CARDIOVASCULAR SYSTEM

Women's risk for the occurrence of CVD clinical
events at an early age is less than that for men. The
CVD risk increases with age for women,
approaching the same incidence rate as for men,
starting from the age of 50. (See aso ch. 8.) Based
on observational epidemiologica studies, HRT is
described to have a cardiovascular protective effect
in postmenopausa women, decreasing the risk of
developing atherosclerosis and CVD. (See ch.
8.)**1%2 The cardioprotective effect of estrogensis
debatable as no such data from clinical trials are
available yet. On the other hand, the outcome of
HERS,*® which did not show any overal cardio-
vascular benefit in postmenopausal women (treated
with oral CEE plus MPA) with established CHD,
may be explained on the basis of recent findings,
according to which medroxyprogesterone antago-

nizes positive effects of estrogens on the vascula-
ture. (See ch. 8, sec. 3.2.) The recommendation
drawn from HERS was not to initiate hormone
treatment for secondary prevention of CHD.
Despite an early increase in risk in treated women,
fewer CHD events were observed over timein the
hormone treatment compared with the placebo
group; it was therefore recommended that women
with CHD already on HRT may well continue the

treatment.

ERa and ERp are
expressed in vascular
endothelial cells,?
smooth muscle cells,**
and myocardia cells.*®

A number of direct effects
of estrogen on vascular
tissue have been
rqjorted:l()l.lOZ,l()S,lW nonge_
nomic vasodilation

Besides a higher risk for

men to develop
atherosclerosis and
CVD at an early age
compared to women,
there are other gender-

related cardiovascular

as an effect of estrogen on

. ) differences.
ion-channel function'®

and NO synthesis,*® long-

term effects by modulation of prostaglandin syn-
thase, NO synthase and endothelin gene expres-
sion,**° regulation of angiotensin AT1 receptor
density on vascular smooth muscle cells*™ and
inhibition of injury induced vascular intimal thick-
ening.*2 Furthermore, reduced heart contractility in
ovariectomized femal e rats normalized following
estrogen replacement,™® an effect, in part,
explained by estrogen-mediated changes in expres-
sion of contractile proteins,

Besides a higher risk for men to develop athero-
sclerosisand CVD at an early age compared to
women, there are other gender-related cardiovascu-
lar differences. Men have a higher prevalence of
left ventricular hypertrophy than women, %416
hypothesized as an effect of the difference in the
level of circulating estrogens in men compared to
women'* but possibly also due to gender-specific
differencesin ER levels and in the induction of
endogenous gene expression in cardiac myocytes
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maintaining normal

cardiovascular

prevention of the
development of
atherosclerosis

and CVD is still

in response to estrogen.’® |n rats, intimal thick-
ening after vascular injury is significantly greater
in males than in females® Male level of intimal
thickening occurred in female rats after ovariecto-
my, an effect that was reversed by estrogen thera-
py.12 The primary inhibitory effect of estrogen on
intimal thickening was mediated by its direct effect
on vascular smooth muscle cells, inhibiting their
migration and proliferation.**> Another gender dif-
ference is the rapid response to estrogen after
acetylcholine-induced coronary arterial constric-
tion in women and men with coronary artery dis-
ease (CAD)." In female patients, administration of
estrogen reversed the vasoconstriction response to
acetylcholine, while there was no response to
estrogen in male patients. Coronary blood flow was

— S gnificantly enhanced in the
The specific role of

ERa and ERB in

presence of estrogen in the
female patients, but no response
to estrogen occurred in the
men. A plausible explanation
for these differences may be
that vascular endothelium in
women produces more NO in
response to estrogen than in
men. The specific role of ERa
and ER in maintaining normal
cardiovascular function and in
prevention of the development
of atherosclerosisand CVD is
gtill largely unknown.

function and in

largely unknown.

However, disruption of the ERa gene, asin ERKO
mice, showed a reduced production of NO.* ERa
also seemsinvolved in neovascularization, as there
was no angiogenic response to estrogen in ERKO
mice.* An increased number of L-type Ca* chan-
nels was reported in ERKO male mice,* suggest-
ing an involvement of estrogen and ERa in the
regulation of cardiac excitability. In the man bear-
ing an ERa nonsense mutation,* there was
absence of endothelium-dependent vasodilation of
the carotid arteries following ischemic cuff occlu-
sion.*® However, this lack of ischemic response
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may relate more to atherosclerosis-induced
endothelia dysfunction than to a direct conse-
quence of lack of ERa-mediated responsesin the
vascular endothelium.2¢ Sublingual estrogen
delivery caused arapid vasodilator response in the
ERa-deficient man,“® possibly suggesting arole
for ERP in rapid vascular responses to estrogen. In
contrast, there was no negative effect of vascular
endothelium-dependent vasodilation in ERa-/-
mice.* Estrogen treatment protects against vascu-
lar injury, suppressing smooth muscle cell prolifer-
ation and intimal thickening, in ERKO mice.* The
expression of ER[ but not ERa was dramatically
increased in wild-type mice after vascular injury.*®
These data suggest an important role for ERB in
vascular injury response and protection. However,
asimilar estrogen-dependent vascular injury pro-
tection was also seen in BERKO mice, suggesting
an ERa and ER redundancy in vascular injury
protection or that an unknown signaling pathway
or astill unidentified ER isinvolved.* In this con-
text, the estrogen resistant man™ showed intimal
thickening of the common carotid arteries™® despite
elevated circulating levels of estrogen.

Part of the beneficial effects of estrogen on cardio-
vascular function and reactivity relates to liver-
specific effects, regulating serum lipid-cholesterol,
levels. Estrogens increase the level of
apolipoprotein A1 in postmenopausa women.*
Apolipoprotein(a), the major protein component of
the atherogenic lipoprotein (Lp(a)), is down-regu-
lated in the liver by estrogen at the mRNA level
resulting in decreased plasma levels of Lp(a).**
Estrogen aso increases the expression of angiotensin
in postmenopausal women,'? regulates the level of
HMG CoA reductase at the protein level, and
increases LDL receptors on the surface of liver
cells.® Regulation of the apoE gene by estrogen
has been demonstrated in the rat** and mouse.*

Asin skeletal tissue, GH may play an important
role for estrogen effectsin liver,” with hypophy-
sectomy blunting the cholesterol-lowering effect of
estrogen in ovariectomized rats.” The liver in



female rats has more GH receptors than in male
rats,” and liver GH receptor expression positively
correlates to estrogen status in female and mae rats»

So far ERa but not ER[ has been shown to be
expressed in liver;* thus all effects of estrogen
reported on liver-specific gene expression are ERa
mediated. Further support for the physiological
role of ERa and estrogens in the regulation of
liver-specific gene expression and lipid-lipoprotein
homeostasis stems from the analysis of the ERa-
deficient™ and the aromatase-deficient patients®
and from the ERKO mice,* demonstrating glucose
intolerance and lipid abnormalities as a consegquence
of estrogen resistance or estrogen insufficiency.

In addition to liver and cardiovascular cells, mono-
cytes-macrophages also are involved in health and
disease of the cardiovascular system.”?"*? Several
studies, both in vitro and in vivo, have indicated
that growth factors and cytokines that mediate the
critical processes of inflammation and wound heal-
ing also play a central role in vascular disease and
during the initiation and progression of atheroscle-
rosis. The cytokines interleukin-1b (IL—1b) and
tumor necrosis factor a (TNFa) have been impli-
cated in the processes of vascular injury and
atherogenesis.*® Both ERa and ERp are reported
to be expressed in monocytes-macrophages.™
Estradiol has been shown to inhibit LDL oxidation,
to inhibit and cholesteryl ester formation and accu-
mulation in macrophages,* and to reduce the
uptake of acetylated LDL into macrophages, result-
ing in areduced rate of foam cell formation.**
Estrogen down-regulates the expression of TNFa
in human macrophages™ by a mechanism that
involves ERPB but not ERa.** These results suggest
that monocytes-macrophages also are potential tar-
gets for the protective effects of estradiol on the
cardiovascular system and the development of
atherosclerosis.*

6. CENTRAL NERVOUS SYSTEM AND THE
HYPOTHALAMO-PITUITARY AXIS

Estrogens are reported to influence a variety of
functions in the CNS, such as learning, memory,
awareness, fine motor skills, temperature regulation,
mood, and reproductive functions.*** Estrogens are
aso linked to symptoms of depression and treat-
ment of depressiveillness. (See also ch. 12.)

Different brain structures
and neurotransmitter sys-
tems are involved in the
different effects of estro-
gens.* The serotonin
5-hydroxytryptamine
(5-HT) system, with neu-
rons projecting from the
dorsal and medial raphe
of the midbrain/brainstem
raphe nuclei to multiple
forebrain areas such as

Estrogens are reported
to influence a variety of
functions in the CNS,
such as learning,
memory, awareness, fine
motor skills, temperature
regulation, mood, and

reproductive functions.

the hypothalamus, hip-
pocampus, and cortex,** isinvolved in the modula-
tion of reproduction, mood, slegp, and cognition.
Serotonin levels and activity in CNS are atered by
serum estrogen fluctuation in rodents, and estrogen
substitution in ovariectomized rats positively
affects the serotonergic system.**s** Estrogen has
been reported to increase the expression of trypto-
phan hydroxylase (TPH), the rate-limiting enzyme
for serotonin synthesis,**” and to suppress the
expression of the serotonin reuptake transporter
(SERT) in raphe nuclel of ovariectomized mon-
keys.* Estrogen reduced the level of the 5-HT,,
autoreceptor subtype in the dorsa raphe nucleus of
spayed monkeys™ and reduced agonist stimulated
5-HT,, receptor inhibition of dorsal raphe neuron
firing in rats,* suggesting that estrogen may facili-
tate 5-HT neurotransmission.* The level of post-
synaptic 5-HT,, receptors, mainly localized in the
limbic brain areas and the cerebral cortex, is also
affected by estrogen.*** 5-HT,, receptors, suggest-
ed to be involved in the control of hormone and
transmitter release, control of sexual activity, regu-
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lation of sleep, motor behavior, and psychiatric
disorders such as anxiety and depression,* are
positively regulated by estrogen in the dorsal raphe,
olfactory bulb, and cerebral cortex.** In maerats,
5-HT,, receptor levels also are regulated by estro-
gen.® ERB mRNA has been reported within the
dorsal raphe of the rat,**” and an ERa immunoreac-
tive protein has been detected in neurons adjacent
to serotonergic cellsin rat dorsal raphe.** An
autoradiographic study in ERa-/- mice indicated
an abundant presence of ER3 in mouse dorsal
raphe,*** and no ERa protein has been detected in
the macague raphe,* suggesting that ERB may
play a more important role than ERa in mediating
estrogen effects on the serotonergic system.

The dopaminergic system, involved in motor
function, motivation, reward, cognition, and hypo-
thalamic-pituitary control, is also affected by estro-
gen.** Dopamine levels and turnover fluctuate
during the estrous cycle,*™* and administration of
estrogen, following ovariectomy, potentiates the
release of dopamine.**** Estrogen also increases
dopamine transporter binding sitesin the stria-
tum®™ as well as the densities of dopamine recep-
tors D, and D,.** In the hypothalamus, the
dopaminergic tuberoinfundibular neurons inhibit
PRL release from the anterior pituitary by release
of dopamine into the hypophyseal portal system,
an effect that is inhibited by estrogen.**

The basal forebrain cholinergic neurons project to
the cerebral cortex and hippocampus and are
implicated in learning and memory.** Long-term
ovariectomy results in impaired learning due to
decline in high-affinity choline uptake and choline
acetyl transferase (ChAT) activity in rats.**
Estrogen substitution following ovariectomy in rats
induced ChAT enzyme levels and increased ChAT
activity in the basal forebrain and possibly ChAT
activity in projection areas ending in the cerebral
cortex and hippocampus.®®* ChAT mRNA levels
fluctuate in the basal forebrain cholinergic neurons
during the estrous cycle in the rat.™® The colocal-
ization of ERa with nerve growth factor (NGF)
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receptors in cholinergic neurons of the rat basal
forebrain,* and the stimulation of estrogen of both
NGF receptor mRNA and ChAT mRNA in the rat
basal forebrain,* suggest a possible role for ERal
in learning and memory functions. However, the
predominant expression and localization of ERB in
rat neocortex, hippocampus, and nuclei of the
basal forebrain suggest an important role for ER3
in learning and memory.*"*” This assumption is
further supported by the maintained normal
memory and learning function in ERKO mice.®

In arecent study on human brain, the predominant
presence of ERB message in the hippocampal for-
mation, entorhinal cortex, and thalamus suggests a
putative role of ER[ in cognition, memory, and
motor functions.**

Additional transmitter systems shown to be
influenced by estrogens are vasopressin and
oxytocin,**** somatostatin,* galanin, the
y-aminobutyric acid (GABA) system,*** and the
glutamate system. s+

The expression patterns of ERa and ER[3, based
on mRNA, autoradiographic, or immunochisto-
chemical studies of rat and mouse brain, indicate a
more abundant or distinct presence of the two ER
subtypesin certain areas of the brain but also areas
where they seem to overlap. ERa seems to be
more abundant in the hypothalamus (preoptic,
arcuate, periventricular, and ventromedial nuclei)
and amygdala (amygdala hippocampal area, medi-
a and cortical nuclei).*** High levels of ER
MRNA have been found in the medial preoptic,
paraventricular and supraoptic nuclei of the rat
hypothalamus. In the amygdala, ER is primarily
expressed in the medial amygdala nucleus.
Moderate to high ERB mRNA levels are found in
olfactory bulbs, bed nucleus of the stria terminalis,
hippocampus, cerebral cortex, cerebellum, mid-
brain raphe, and basal forebrajn, 13147 148.157166-168

The HPA regulates overall endocrine homeostasis
in the body. Estrogen, through effects on the HPA,
modul ates the expression and secretion of several



hormones from the anterior pituitary gland, such as
LH, FSH, GH, and PRL.* Both ERa and ER[ are
expressed in the pituitary gland, but ERa predomi-
nates,* in particular in the gonadotrophs and lac-
totrophs. Both ER subtypes are also expressed in
the preoptic area of the hypothalamus and are
believed to be involved in regulating the expres-
sion of pituitary hormones, but ER3
predominates.*’

Although serum levels of LH and FSH are directly
controlled by hypothalamic GnRH, it is the circu-
lating level of estrogen, other sex steroids, and the
inhibin glycoproteins that are the most important
physiological determinants of serum gonadotropin
levels.511 There is a strong inverse correlation
between the circulating levels of inhibin and FSH.
The main source of inhibin (inhibin A and inhibin
B) production in females is the ovary, inhibin B
being expressed in the early follicular phase with a
peak at the mid-follicular phase and inhibin A
being expressed by the dominant follicle and the
corpus luteum with a peak in the late follicular
phase and in the midluteal phase.*® In men,
inhibin B, proposed to be the main inhibin
involved in FSH regulation, is primarily produced
by the Sertoli cell.*®

Female and male patients with aromatase-deficien-
cy have elevated levels of LH and FSH, elevated
circulating levels of androgens, but very low circu-
lating levels of estradiol and estrone.® Therapy
with conjugated estrogens in both female and male
aromatase-deficient patients resulted in normaliza-
tion of gonadotropin and testosterone levels.®
Clinical data on the male patient with the ERa
nonsense mutation™ also showed increased serum
LH and FSH levels despite normal levels of testos-
terone and high estrogen levels. Transdermal
ethinyl-estradiol therapy of this man did not lower
serum LH or FSH. Estradiol substitution of
ovariectomized rats prevented the expected
increase in LH but only partially blocked the rise
in FSH. In ERa-/- mice, the circulating LH levels,
but not FSH, are elevated despite tenfold higher

serum levels of estrogen.* Taken together, these
data indicate that estrogen is more important than
testosterone (also in men****) in regulating circu-
lating gonadotropin levels and that ERa plays a
major role in mediating the effect of estrogen in
this process. The effect of activin-inhibin feedback
regulation of pituitary FSH expression is indepen-
dent of ERa. Whether ERP has arolein ovarian
activin-inhibin expression and the feedback regula-
tion of gonadotropin expression remains to be
investigated.

LH and FSH surge is critical to female ovarian
cycle and fertility;* elevated estradiol levelsin
proestrous are required for the preovulatory LH
surge from the anterior pitutary, triggered by adis-
charge of GnRH into the hypophyseal portal sys-
tem.* The anteroventral periventricular nucleus
(AVP) of the preoptic region, a sexualy dimorphic
part of the hypothalamus, is thought to play a criti-
cal role in transducing the gonadotropin surge.®
The AVPis larger in female mice and contains a
greater number of dopaminergic neurons than in
males.* Testosterone exposure of neonatal females
reduces the number of dopaminergic neurons and
precludes an LH surge. The AVP provides direct
projections to a subpopulation of GnRH neuronsin
the preoptic region that are thought to participate
in the initiation of the preovulatory LH surge.®
Also progesterone and the PR are necessary com-
ponents of the LH surge.**™ Both ERa and ER[3
have been shown to trigger PR expression in the
preoptic nucleus,* suggesting that either of the
two ER subtypes or both may participate in trig-
gering the LH surge. Also other neurotransmitter
systems in the brain are suggested to contribute to
the induction of the LH surge.* ERa-containing
histaminergic neurons located in the tuberomam-
millary complex were shown to be involved in the
positive feedback effect of estrogen in the induction
of the LH surge, mechanistically via histaminergic
axo-dendritic and axo-somatic appositions onto
GnRH neurons and the histamine H1 receptor.*™
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7. HORMONE REPLACEMENT THERAPY:
TRADITIONAL ALTERNATIVES AND
FUTURE PERSPECTIVES

The most common
regimens used to
treat symptoms of
the menopause and
postmenopausal
health risks, such as
osteoporosis and
CVD, are 17 B-estradiol,
esterified estrogens,
or CEEs, each in
combination with a

progestin.

The most common regimens
used to treat symptoms of
the menopause and post-
menopausal health risks,
such as osteoporosis and
CVD, are 173-estradiol,
esterified estrogens, or
CEEs, each in combination
with a progestin, for exam-
ple, MPA, to avoid
increased risk of endometri-
al or uterine cancer in
women with an intact
uterus. Another combination
used is estrogen with testos-
terone, claimed to increase
libido and decrease depres-
sion. The awareness of
undesired effects (e.g.,

resumption of monthly bleeding, breast tenderness,
and headaches) or health risks (breast cancer,
endometrial cancer, venous thromboembolism,
ovarian cancer, asthma, and gall bladder disease)
with existing HRT (first generation HRT) warrants
aternatives with improved safety profiles.
Recently developed nonsteroidal ER ligands with
mixed agonist-antagonist activity, the so-called
SERM s (second generation HRT), display atissue-
selective estrogen agonism in for example, bone
and liver, but estrogen antagonism in breast and
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uterine tissue."**"® Additional ER ligands with sim-
ilar mixed agonist-antagonist activity (SERMs) are
in development.*” Although the increased risk of
breast cancer and endometrial cancer is obviated
by the SERMSs, they have not shown the same effi-
cacy as estrogen to prevent bone fractures of the
hip, though they have proved efficacious in reduc-
ing vertebral fracture risk. Current SERMs
increase the incidence of or aggravate hot flushes
in postmenopausal women, and the incidence of
venous thromboembolism is the same as for first
generation HRT. A serious disadvantage for this
category of drugs became evident as the SERMs
levormel oxifene and idoxifene were withdrawn
from further development due to increased inci-
dence of Ul and uterine prolapse in post-
menopausal women. The discovery of a second ER
subtype, ERp, has revitalized the search for
improved drugs for HRT that most likely will bet-
ter provide the benefits of ERT. Several large phar-
maceutical companies are engaged in the develop-
ment of ERa- and ER[-selective SERMs (third
generation HRT), but as yet there is no information
regarding their development. However, synthetic
ER subtype-selective ligands have been reported.t™
The most ERa-selective ligand showed 120-fold
higher agonist potency for ERa than for ERp.
Another ER subtype-selective ligand, synthesized
by the same group, showed full ERa agonism but
pure ERB antagonism.

Current alternatives for women who do not wish to
take the HRT cited above are: (1) synthetic prog-
estins, megestrol acetate (a synthetic derivative of
androgens), or tibolone (a synthetic steroid with
estrogenic, progestational, and androgenic activity)
for aleviation of hot flushes; (2) bisphosphonates
or calcitonin for prevention of osteoporosis; and
(3) dtetins or antioxidants for prevention of CVD.*®



8. FUTURE NEEDS

Further characterization of the phenotypes of ERa
and ERp knockout mice will be of continuing
importance, not least regarding the effects of ERa
and/or ER deficiency in aging mice. That
ERa/ER[ double knockout mice are viable needs
an explanation: the role of redundant systems to
secure viability and functionality, the importance
of membrane or non-genomic effects of estrogens,
and/or the possible existence of athird ER subtype
have to be clarified. Other compelling questions to
be answered about the biological role of ERa and
ERP stem from the observation that both ERa and
ERp are expressed in normal and malignant breast
tissue. Phenotypic characterization of the ERB-/-
mice revealed arole for ER[3 as an antiproliferative
receptor. In several tissues it operates to oppose the
effects of ERa (yin-yang principle). Male BERKO
mice develop prostate hyperplasia, which becomes
malignant with age, and aging female BERKO
mice develop lymphoma. Furthermore, BERKO
mice have severely impaired ovarian function relat-
ed to the dysregulation of AR. Treatment of
BERKO females with antiandrogens reversed the
phenotype. We have concluded that the major role
of ERP in the ovary is down-regulation of the AR
in maturing follicles. In BERKO mice ovaries, AR
remains high, for example, the ovary isin a hyper-
androgenic state and is similar to ovaries seenin
polycystic ovarian disease in humans. Thereisa
need not only to identify genes, which are regulat-
ed by ERp, but also to understand the regulation
of the ER[3 gene itself. Furthermore, it will be of
importance to identify possible mutationsin ER
and to investigate the role mutated ER[3 might play
in human diseases.

Priority issues:
» Understand whether breast tumors arise in cells
that already contain one or more of the ERS.

* Investigate the roles of the two ERs in the breast
(synergistic or opposing).

Compare BERKO mice susceptibility to devel-
opment of breast cancer to that of controls or of
ERKO mice.

Determine whether both ERa- and ER[3-con-
taining stromal cells secrete growth factors
in response to estrogens.

Current SERMs

Investigate, if present, the
role of mutationsin ER(3

in human breast cancers. increase the incidence

Recognize the role of the
splice variants of ERB in
the normal breast and in
breast malignancy.

of or aggravate
hot flushes in
postmenopausal

Unravel the mechanism of women, and the

activation of ER in post-
menopausal breast.

incidence of venous
thromboembolism
Identify genes that are
regulated by ERa and
ERp in normal breast and
in breast malignancy.

is the same as for

first generation HRT.

More specifically there is a need to:

Understand why epithelial cellsin the prostates
of ER[3 knockout mice are never in GO and
identify the stage in the cell cycle in which they
are arrested.

Identify the genes involved in the change
from hyperplasia to malignant phenotype in
the prostate.

Characterize the lymphoma which developsin
BERKO females.

Characterize the role of ER[ in the immune
system.

Investigate the role of ER3 mutations in women
with polycystic ovarian syndrome.
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CHAPTER 6: THE PHARMACOLOGIC MODULATION OF
ESTROGEN RECEPTOR ACTIVITY

Adriana Maggi, Ph.D.* and Rodolfo Paoletti, M.D.!

Increased knowledge of

KEY POINTS? the structure of ERs and
of the mechanisms of

1. Cell specificity of estrogen action. Increased knowledge of the structure of ERs the receptors’ synthesis

and of the mechanisms of the receptors’ synthesis and their interaction with key

elements of the transcription apparatus is facilitating the synthesis of new phar-

macologically active molecules.

2. Pharmacologic modulation of ERs. Synthetic ER modulators can be classified as
steroidal or nonsteroidal. Novel synthetic steroidal ER agonists hold promise for

and their interaction

with key elements of the

transcription apparatus

is facilitating the

use in HRT because of agonist activity on the progesterone and androgen recep-

tors. Of particular interest are the nonsteroidal agents that can act as SERMs by
behaving as agonists in target tissues, such as bone and liver, and as antagonists
or partial agonists in reproductive tissues [A and B].

1. INTRODUCTION

Natural estrogens modulate the activity of target cells
by binding at least two intranuclear receptors. ERa
and ERp belong to alarge family of structurally
related transcription factors that are well conserved
from the evolutionary and functional points of view.*
The considerable progress made recently in com-
prehending ER structure (figs. 6-1 and 6-2) and
mechanism of action (fig. 6-2) provides abasis for
the development of new synthetic ligands aimed at
modulating ER functions in an organ-specific fashion.

synthesis of new
pharmacologically

active molecules.

Transcriptionally inactive ERs reside in the target
cell nucleus; they are generaly bound to inhibitory
proteins. Their activation can occur either by bind-
ing of the cognate hormone (ligand-dependent acti-
vation) or by posttrangational modifications (lig-
and-independent activation) that enable them to
dissociate from the inhibitory proteins and associ-
ate with EREs, which are specific DNA sequences
in the promoters of target genes.>” Although cur-
rently little is known about ligand-independent
activation of ERs, analyses of crystal structures of

* From the Milano Molecular Pharmacology L aboratory, Department of Pharmacologica Sciences, University of Milan, Milan, Italy.

" From the Department of Pharmacological Sciences, University of Milan, Milan, Italy.

2 Evidence categories are given in square brackets. A = randomized controlled trials (rich body of data); B = randomized controlled trials (limited data);
C = nonrandomized trials and observational epidemiologic studies; D = Panel expert judgement. (See also table 1-1).
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Ficure 6-1

Structural features of ERs. Mutation studies have identified six functional domains within the ER molecule (see ch. 5 for
amore detailed description of ER functional domains): the N-terminal A/B domain, C domain, or DNA binding domain,

D domain, the so-called “hinge region,” and E/F domain, or ligand-binding domain. Ligand-independent AF-1 islocated in
the A/B domain, while ligand-dependent AF-2 is harbored by C-terminal E/F domain. C domain mediates the interaction
between the receptor and the DNA through “zinc finger” structures.

A/lB

D E F

AF1

DNA

HORMONE ||AF-2

the hormone-binding domains of ERf and Era
complexed with agonists and antagonists provide
some insight into the intramolecular modifications
leading the ligand-receptor complexes to interact
with the transcription machinery.®® In addition,
several coregulators involved in the generalized
and tissue-specific activities of the receptors have
been identified.*** ERs may a so influence the
transcription of genes lacking ERESs through bind-
ing other transcription factors (e.g., AP1) and
thereby hindering these factors' capability to act on
their responsive elements.
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2. CELL SPECIFICITY OF ESTROGEN
RECEPTOR ACTION
It is now well known that estrogens produce a
wide variety of physiologic effects and that ERs
are expressed in most mammalian tissues. To
design drugs able to mimic estrogen activity in
only selected target tissues, it is mandatory to
understand how the same hormone can exert so
many different effects in the various cells targeted.
One hypothesis is that the genes regulated by the
hormone are different in each type of target cell.
Because the hormone-receptor complex acts
through the binding of the same EREs in all the
cells, the question arises as to the factors determin-
ing the specificity of estrogen action. A number of



factors listed below may contribute, although, in
spite of very active research in the field, more
studies are needed to clarify which of the mecha-
nisms predominate in the various targets.

Developmental Cues: During the process of cell
differentiation, fragments of the genome are modi-
fied enzymatically or are bound by specific pro-
teins and become inaccessible to transcription fac-
tors. The process will undoubtedly involve some of
the ER-inducible promoters, which will become
insensitive to the hormone activity.

Complexity of the Target Promoters: In complex
promoters, in which different responsive elements
control the transcriptional activity of a single gene,
the activity of estrogens will be influenced by the
presence of the other factors involved in gene tran-
scription contral.

FIGURE 6-2

Tissue-specific Transcription Elements: As
mentioned above, an ER must interact with tran-
scription factors to initiate the transcription of tar-
get genes. The factors are in part ubiquitous and in
part cell-specific. Therefore, the abundance of
these cell-specific proteins will contribute to affect
estradiol-ER action on individual promoters.

Receptor Dosage: Like other membrane recep-
tors, ERs can be up- or down-regulated. It is most
likely that higher concentrations of the receptor
protein will alow the hormone to stimulate most
of the target promoters, whereas lower concentra-
tions will allow generation of subgroups of tran-
scripts, for example, from genes whose promoters
possess multiple ERES.

Ligand Characteristics: ERs bind estradiol and
some of its metabolites. Depending on the ligand

Panel a. Graphic of the three-dimensional structure of the ER hormone-binding domain. The binding of the agonist induces
aseries of conformational changes that expose sites of the receptor capable of interaction with co-activators. The binding of
antagonists induces a very different conformation of the receptor, mainly in the displacement of helix 12 (solid cylinder),
and prevents the exposure of the domains involved in co-activator recruitment. Panel b. Mechanism of ligand-dependent
activation of ERs. On hinding to the receptor (ER), estradiol induces release of inhibitory proteins, which alow the recep-
tor to dimerize and associate with the responsive elements in the promoters of target genes. Once bound to the target DNA,
the receptor initiates a series of protein-protein interactions that result in the activation of the transcriptional apparatus.

.

-

chaperones

ysieBbaton

coactivators
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bound, the conformation of the receptor differs,
thus changing its functional activity.

To design drugs able to
mimic estrogen activity
in only selected target
tissues, it is mandatory
to understand how the
same hormone can
exert so many different
effects in the various

cells targeted.

Receptor Subtype: The
type of ER expressed in a
single cell type may aso be
important for the selectivity
of estrogen action. In addi-
tion to the different effects
exerted by ERa and ER[3
homodimers, it is possible
that ER heterodimers act
differently and that the two
receptors exert mutual
control. That has been
reported to occur with other
members of the intracellu-
lar receptor superfamily.®

Influence of Other Members of the Nuclear
Receptor Superfamily: Orphan receptors highly
homologous to ERa—for example, ER-related
receptors a, [3, and x may interfere with ER activi-
ties, also by heterodimerization.

3. PHARMACOLOGIC MODULATION OF
ESTROGEN RECEPTORS
Pharmacologic treatment of endocrine dysfunction
involves the control of (1) endocrine signaling, by
acting on the synthesis, storage, or release, or
intracellular transport and metabolism, of the spe-
cific hormone; (2) sensitivity of asingle target tis-
sue to the hormone, by blocking or enhancing syn-
thesis of the receptor of interest; or (3) activity of
the receptor, by the use of specific ligands with
agonist or antagonist activity. The synthetic com-
pounds generated and in use to date for ER modu-
lation belong to the third category, with the excep-
tion of progestins. In several organs, progestins
antagonize the activity of estrogens by a dua
mechanism: down-regulation of the synthesis of
new ERs and control of the transcription of genes
that interfere with estrogen action. Therefore,
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progestins are administered in combination with
estrogens to limit the undesired side effects of
estrogens on uterine cells.

The ligands for the ER can be grouped as ER
agonists, ER antagonists and SERMs. Subgroups
are based on chemical structure, categorized as
steroidal and nonsteroidal compounds.

3.1 Estrogen Receptor Agonists

Known agonists of the ER consist of both steroidal
and nonsteroidal molecules, with the latter includ-
ing examples of different chemical structures.

3.1.1 Steroidal Agonists

Natural human estrogens are the follicular hormone
17B-estradiol and its main metabolites, estrone,
estriol, and 2-hydroxyestradiol—together with
their sulfated and glucuronidated counterparts. A
more extended definition of natural estrogens
includes the mare equilin and equilenin. Critical
structural characteristics of this class of compounds
include (1) a phenol at the C-3 position of the aro-
matic A ring, (2) arelatively flat and rigid hydro-
carbon core, and (3) aketone or acohol function at
the C-17 position. A detailed pharmacophore
model suggests the important contribution of the
two hydroxyl groups of 17B3-estradiol to receptor
binding, with C-3 hydroxy acting as the major
contributor to the binding free energy. The model
is supported by recent X-crystallography data.®®

When natural eStrogens m————
are administered orally,
they undergo rapid
catabolism in the
intestinal mucosa and
liver; shortly after
estradiol ingestion,
there are high concen-
trations of the metabolites, predominantly estrone,
in the systemic circulation. Peak concentrations are
observed at 1 to 4 hours after ingestion; subse-
quently, concentrations rapidly decline. For this
reason, major efforts have been made, particularly

In replacement therapy,
natural steroids are
currently preferred over

synthetic molecules.




in the past, to synthesize steroid ana ogues of
estrogens with longer half-lives. All the synthetic
molecules devel oped are far more potent than the
natural estrogens and have, when administered
orally, much longer half-lives. Some, like DES are
no longer used in clinical practice. The finding of a
high incidence of clear cell adenocarcinoma of the
vagina in daughters born to DES-treated mothers
led to the hypothesis that the compound was a car-
cinogen. However, further studies did not show a
significant increase in breast cancer in the DES-
treated mothers, and studies of male offspring
showed genital abnormalities, suggesting that DES
should be considered more as teratogenic than can-
cerogenic. Other synthetic estrogens, such as
ethinyl estradiol, have been and are largely used in
oral contraception. Ethinyl estradiol is obtained by
the addition of an ethinyl radical in position C-17
and is much more resistant than natural estrogens
to liver metabolism. Orally administered ethinyl
estradiol has a half-life of about 48 hours.

In replacement therapy, natural steroids are cur-
rently preferred over synthetic molecules. In the
United States, the most commonly used natural
estrogens are CEEs, extracted from the urine of
pregnant mares. CEEs are mainly composed of
estrone and estrone sulfate; other components
include the ring-B unsaturated sulphoconjugated
estrogens equilin, equilenin, and their 17a-deriva-
tives. The metabolites account for a great part of
the estrogenic effects of CEEs. In addition, equilin
can be stored in adipose tissue and released for
several weeks after withdrawal of the treatment.
17pB-estradiol isaso used in HRT, particularly in
Europe. Preparations of estradiol valerate or
micronized estradiol were shown to have half-lives
compatible with therapeutic effects when adminis-
tered orally.”” To avoid the intensive first-pass
metabolism, nonoral routes of administration of
17B-estradiol have been studied. Several parenteral
delivery systems are available: 17(3-estradiol can
be administered through injections, vaginal rings,
percutaneous gels, or transdermal therapeutic sys-
tems (TTS). Of particular interest are the TTS that

allow the rate-controlled delivery of estrogen. The
hormone is suspended in an ethanol solution or, in

second-generation TTS, in amatrix, which ensures
the programmed release of the hormone for severa

consecutive days.

More recently,
novel synthetic
molecules such as

Observational epidemiologic

studies indicate that women

(7a, 170)-17-

hydroxy-7-methyl- who ingest phytoestrogens,
19-norpregn- particularly in soy products,
5(10)en- _

20-yn-3-one in large amounts seem to

(tibolone) have
raised considerable
interest because
they combine with
the estrogenic
activity progesto-
genic and andro-
genic properties

have lower rates of CVD,
breast cancer, and uterine

cancer as well as fewer
climacteric symptoms than
women consuming typical

western diets.

that relieve climac-
teric symptoms without stimulation of the
endometrium.°

3.1.2 Nonsteroidal Agonists

Pioneering studies published more than 60 years
ago showed the effects of subcutaneous adminis-
tration of nonsteroidal compounds on the onset of
estrus in mammals and on uterine growth. They
enabled the identification of several nonsteroidal
molecules with estrogenic activity. The studies
were also instrumental in the subsequent devel op-
ment of antiestrogens and of partial agonists-
antagonists, including SERMs.

The major categories of the nonsteroidal agonists
are (1) 1,2-diarylethanes and ethylenes; (2)
flavones, isoflavones, coumestans, and lignans; (3)
macrolactones; (4) alkylphenols and arylphenols;
and (5) nonaromatic estrogens.

1,2-Diarylethanes and Ethylenes: DES and
hexestrol (fig. 6-3) represent a milestone in the
identification of orally active nonsteroidal agents
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with extremely potent estrogenic activity. The
medical uses of compounds with 1,2-diarylethyl-
ene and 1,2-diaryl ethane include maintenance of
pregnancy, HRT, suppression of lactation, post-
coital contraception, and cancer treatment, as has
been reviewed.?

Flavones, Isoflavones, Coumestans, and
Lignans: The best studied plant-derived estrogens,
or phytoestrogens, belong to these classes of
chemicals with estrogenic activity. A significant
source of isoflavones is soybeans. The most abun-
dant and active components of isoflavones are
genistein (fig. 6-3) and daidzein, which appear to
have selective estrogenic actions. In some tissues,
they provoke proestrogenic responses; in others,
they inhibit estrogenic effects. This finding is per-
haps explained by different affinities for the two
described ERs. Indeed, genistein has a thirtyfold
higher affinity for ERp than for ERa.?# The estro-

FIGURE 6-3

Structural Characteristics of
Estrogen Receptor Agonists
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genic activity of flavones and isoflavones is depen-
dent on ER binding affinity, which is determined
by the presence of the aromatic ring as well as
hydroxyl groups at specific sites.

Compared with estradiol, genistein and daidzein
bind to ERs with significantly less affinity.®
Nevertheless, in the quantities that can be con-
sumed in the diet, isoflavones can have biologic
effects. Soybean isoflavones do not have feminiz-
ing effectsin male primates as reflected by
unchanged weights of the reproductive organsin
the animals,* although prenatal exposure of rats
resulted in diminished weights of ovaries and
uteri.” Observational epidemiologic studies indi-
cate that women who ingest phytoestrogens, par-
ticularly in soy products, in large amounts seem to
have (1) lower rates of CVD, breast cancer, and
uterine cancer and (2) fewer climacteric symptoms
than women consuming typical western diets.
(Seech. 3, 8, and 10.) Preclinical and clinical stud-
ies have shown that isoflavones can improve plas-
malipid profiles as well as the ability to inhibit
oxidation of low-density lipoproteins.® | soflavones
have been shown to normalize vascular reactivity
in estrogen-deprived primates.?” Antineoplastic
activity of the compounds has been postulated on
the basis of their inhibitory activity on angiogene-
sis.® [n addition to climacteric symptoms, bone
density appears to be favorably influenced by
phytoestrogens.® (See also ch. 9.)

Other known phytoestrogens are coumestans (e.g.,
coumestrol), found in afalfa sprouts, and lignans
(e.g., enterolactone), found in cereals and oil seeds
such as flaxseed.

Macrolactones: Macrolactones were first identi-
fied when hyperestrogenicity was seen to develop
in swine fed mold-infected corn. Katzenellenbogen
and colleagues extensively studied these mycotox-
ins, exemplified by zearalenone (fig. 6-3), which
was shown to bind ERs with high affinity and
induce uterotropic responses in rats.” Zearalenone
has been used to relieve the incidence and severity
of hot flushes in women.®



Alkylphenols and Arylphenols: Alkylphenols are
used in the synthesis of detergents and as antioxi-
dants. The detergents are not estrogenic; upon
degradation during sewage treatment, however,
they can release estrogenic compounds, such as
para-octyl phenol and para-nonyl phenol, which
have been shown to possess uterotropic activity in
vivo and in vitro.** The structural requirements of
alkylphenols indicate that both the position (para >
meta > ortho) and the branching (tertiary > sec-
ondary) of the alkyl group dramatically affect
estrogenicity.® In addition to alkyl substitution

at the para position of the halogenated or the
hydroxy-substituted aromatic ring, aryl sub-
stituents have estrogenic activity. Compounds in
the class include bisphenol A; polychlorinated
biphenyls; diphenylmethanes, such as

DDT (dichlorodiphenyltrichloroethane); and tri-
cyclic aromatic hydrocarbons, such as dioxin.®
Many of these compounds are used in the manu-
facture of plastics, and their estrogenic activity
was discovered by accident because they are
released by polystyrene and polycarbonate test
tubes used in laboratory experiments. Bisphenol A
was found to contaminate the content of canned
food because tin cans are lined with polycarbonate.
Bisphenol A is also used in dental sealants and
composites.

Nonaromatic Estrogens: Interest in nonaromatic
estrogens has increased because xenoestrogens of
this class can derive from commercial sources,
such as pesticides. Most of the agents are halo-
genated carbocycles, such as hexachlorocyclohexa
ne, chlordecone (Kepone) (fig. 6-3), chlorobor-
nane (Toxaphene), dieldren, and endosulfan.
Studies with hexachlorocyclohexane showed it to
have estrogen agonist activity in human breast can-
cer cell lines. It and others of the class have not
been shown to bind to ERs. Therefore, the origin
of the estrogen activity of the compounds is not
clear; it is believed to occur through nonclassic
pathways.*

3.2 Estrogen Receptor Antagonists
Antiestrogens can be grouped according to basic
structure as steroidal or nonsteroidal.

3.2.1 Steroidal Antagonists

The difficulty in modifying the basic steroid struc-
ture discouraged research into steroidal antagonists
of ERs until Raynaud et al. demonstrated that the
Ta-estradiol derivatives with along, unbranched
akyl chain retained high affinity for ERs.* The
compound ICl 164,384 was developed and shown
to act as a pure ER antagonist, stimulating further
research. The most active compounds that emerged
from the studies are |Cl 164,384 and ICl 182,780
(fig. 6-44). Both avidly bind to ERs and retain a pure
antiestrogen activity in all tissues studied to date.

FIGURE 6—4a

Structural Characteristics of
Estrogen Receptor Antagonists

OH

IC1 182,780

3.2.2 Nonsteroidal Antagonists

For the rational design of nonsteroidal antiestrogens,
essentially two basic structures were systematically
altered: the triphenylethylene and stilbene struc-
tures. The first nonsteroidal antiestrogen discov-
ered was ethamoxytriphetol (MER-25) (fig. 6-4b).
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Its potency as an antiestrogen was rather low, and FIGURE 6—4b
serious side effects in the CNS were found during

clinical development.® The antagonist activity Structural Characteristics of

Estrogen Receptor Antagonists

— Of the molecule may be

due to the hydrophilic
hydroxy group in the
center of the molecule,
which most likely inter-
feres with the receptor
binding. Clomiphene
(fig. 6-4b), the second
ER antagonist developed,
lacks the central hydroxy
group, and a double bond
with a chloro substituent
improves its lipophilicity.

The activity of tamoxifen

o/\/ N(csz)z

O/\/N(Csz)z
in postmenopausal

patients with hormone-
dependent breast cancer
has been demonstrated
in many clinical studies,
and the agent has
become a treatment of

choice for the malignancy.

Clomipheneisused as a

gonad-stimulating agent
in subfertile women. With the identification of the
ER antagonist activity of nafoxidin (fig. 6-4b), it
became evident that a certain steric arrangement at
the double bond favors the antiestrogenic activity.
The most prominent among the group of drugsis
tamoxifen, which was developed by ICl and is
marketed as a citrate salt. The activity of tamox-
ifen in postmenopausal patients with hormone-
dependent breast cancer has been demonstrated in
many clinical studies, and the agent has become a
treatment of choice for the malignancy. Tamoxifen
is used in patients with advanced disease, as well
as in the adjuvant setting after surgical removal of
the primary tumor.

Other triphenylethylene derivatives were synthe-
sized with the objective of obtaining an antiestro-
gen that would have alower rate of metabolism
and a different pharmacodynamic profile compared
with tamoxifen and would not present its cig/trans
isomerization. The knowledge that 4-hydroxyta-
moxifene is more potent in vitro than the parent
drug but is more readily catabolized provided the
basis for the development of the 3-hydroxy deriva-
tive droloxifene and of the iodo derivative idox-
ifene (fig. 6-4b). Droloxifene and idoxifene were
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shown to have minimal uterotropic activity, to
reduce plasma cholesterol concentrations, to stimu-
late osteoclast apoptosis, and to block gene expres-
sion in endometria cells.*” Despite the fact that
the basic side chain is one of tamoxifen’s most
important structural elements, only a very limited
number of variations of that part of the molecule
have been synthesized. Interestingly, when the
2-(dimethylamino)ethoxy fragment was replaced
by acrylic acid, the agonist activity waslost in the
uterus but was retained in bone and the cardiovas-
cular system.®

Studies carried out principally at Eli Lilly and
Company demonstrated that the geminal arrange-
ment of the two phenyl rings of tamoxifen is not



essential and can be replaced by structuresin
which all three phenyl groups are located at differ-
ent atom groups. Several compounds were generat-
ed (fig. 6-4c), among them LY 117,018, the first to
undergo detailed study of its endocrine activities.®
A series of modifications of LY 117,018 led to the
synthesis of keoxifene (LY 156,758), which is now
known as raloxifene. In raloxifene, the presence
of two free hydroxy groups in the benzothiophene
and pheny! rings gives rise to an ER-binding affin-
ity higher than in compounds lacking those polar
functions.

Another basic structure that has been utilized for
the rationa design of antiestrogen drugsis
2-phenylindole. Zindoxifene (fig. 6-4c) belongs to
the compounds synthesized with this structure. Its
endocrine profile is that of an antiestrogen with
partial agonist activity. The preclinical and clinical
data thus far obtained suggest that zindoxifeneisa
new lead structure of interest for the design of
drugs acting through ERSs.

3.2.3 Estrogen Receptor Subtype-
Specific Antagonists

The substantial structural homology between ERa
and ER( has raised the question of whether the
two receptors are, indeed, responsible for different
physiologic responses. Localization studies per-
formed in mature and developing mammals sug-
gest different roles for the two receptors. In fact,
ERa and ERP are often differentially expressed in
developing and mature tissues (e.g., mammary
gland and brain) and seldom colocalize in a given
cell type.* Ablation of one or the other of the two
receptors in gene knockout experiments further
supports the hypothesis of a different effect of the
two receptors. ERa activity seems to predominate
in the uterus and breast, whereas ER3 may have
significant rolesin the CNS, cardiovascular sys-
tem, immune system, urogenital tract, kidney, and
lung. (See dso ch. 5.) ER[ appears to be the only
form expressed in the embryonic CNS.“* On the
other hand, the two receptors can co-localize; it is
possible that they form heterodimers, the transcrip-

FIGURE 6-4c
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tional activity of which may significantly differ
from the homodimers.®* Finally, in vitro studies
evaluating the response of reporter genes or more
physiologic parameters of pharmacologic activa
tion of the two receptors have demonstrated signif-
icant differences between ERa and ERp activities.
In spite of the remarkable similarity in their
response to synthetic ligands, the two receptors
seem to activate distinct target genes, with diver-
gent consequences for cell physiology.”“ The dif-
ferential activity can be attributed to the significant
structural diversity of the A/B region carrying the
ligand-independent, N-terminal activation function
AF-1. This hypothesisis supported by studies with
a chimera receptor in which the A/B domain of
ERa was substituted to the same domain of ER[.%
Thus, because of the potential physiologic differ-
ences in the activities of the two receptors, differ-
encesin ligand interaction or activity could trans-
late into important differences in their biological
and pharmacological profiles.
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The observation that the degree of homology of
the two hormone-binding domains of ERa and
ERP is approximately 56 percent suggests the pos-
sihility of developing ligands with different agonist
or antagonist characteristics with regard to the two
receptor subtypes. Recently, novel compounds
with pronounced subtype-selective differencesin
binding affinity and transcriptional potency or effi-
cacy were identified.® An aryl-substituted pyrazole
was shown to be an ERa potency-sel ective ago-
nist: in fact, it showed a higher binding affinity for
ERa than for ER and, in transactivation assays, a
potency of ERa of about two orders of magnitude
higher than ER.

Another compound, a tetrahydrochrysene (THC),
was shown to have afourfold preferential binding
affinity for ERp; it was an agonist for ERa and a
complete antagonist for ERp. Interestingly, the
antagonist activity appeared to be associated with
the R,R-enantiomer (R,R-THC); the S;S-THC was
an agonist for both ERa and ER but had a twen-
tyfold lower affinity for ERp than R,R-THC.

3.2.4 Molecular Mechanisms of
Antiestrogen Action

The molecular mechanisms of antiestrogen block-
ade of ER activities have been the object of severa
studies addressing al the steps necessary for ER
transcriptional activation.

Receptor Binding: Generaly, the affinity of
antagonists for ERsis similar to or even higher
than the affinity of estradiol. It was initially pro-
posed that the binding of an antagonist, in particu-
lar the binding of pure antagonists,* prevents the
dimerization and limits the affinity of the complex
for DNA. Those studies were highly controversial,
and the mechanism cannot be extended to tamox-
ifen, which was clearly shown to alow the forma-
tion of ER dimers.®

DNA Binding: Most in vitro studies have shown
that DNA binding activity of the ER complexed
with agonists and antagonistsis very similar, even
though the DNA binding of antagonist-ER com-
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plex seems to be slower than that of agonist-ER
complex. Dissociation of the former complex is
much slower than dissociation of the latter.

Protein-Protein Interaction: The availability of
crystals of the ERa and ERP hormone-binding
peptides bound to 40H-tamoxifen and raloxifene
provides important new information about the
mechanism of these agents’ activity. Studies show
that the additional side chain of the antagonists
protrudes from the ligand-binding cavity, so that
helix 12 is translocated to a position in which the
co-activator binding side is obscured. As a conse-
guence, the antagonist-ER complex can still dimer-
ize and bind to DNA, but this event cannot be fol -
lowed by the series of protein-protein interactions
indispensable for AF-2-dependent transcription
initiation, mediated through ligand-dependent,
C-terminal activation function.

Those findings underline the importance of pro-
tein-protein interactions (ER with co-activators or
co-repressors) in the mechanism of action of ER
antagonists. Furthermore, they provide an explana-
tion for the mixed agonist-antagonist activity
reported for both raloxifene and tamoxifen bound
to ERa. (Seefig. 6-5.) In fact, the binding of this
antagonist prevents interactions of AF-2, but not
AF-1, with the transcription machinery. Therefore,
the receptor, once bound to the ERE, may still
attract transcription factors with the AF-1 region
and allow the transcription of selected genes.
Deletion and mutation studies have demonstrated
that the full transcriptional activation of ERa is
observed when both AF-1 and AF-2 are present
and activated.® When access to AF-2 is prevented
by the presence of an antagonist, the activity of the
receptor is limited to those cells and those promot-
ersthat contain factors that activate AF-1. (See
aso ch. 5 for mechanisms of differentia actions of
antagonists on ER subtypes a and f3.)

Receptor Turnover: ER antagonists may affect
the kinetics of ER degradation. This represents
another potential mechanism of action of antago-



FIGURE 6-5

Mechanism of action of SERMs in different cell settings. Binding with a SERM results in blockage of activity of the AF-2
region of the ER; the AF-1 region, however, is free to interact with other proteins, which allows the interaction of the
DNA-bound ER with other elements of the transcription apparatus. Thus, depending on the proteins expressed in the host
cell, the SERM-bound receptor will be able to act as afull agonist (cell A) or apartial agonist (cell B). In cells that lack
proteins able to interact with the AF-1 region of the receptor, the SERM will completely prevent the activation by

estrogens and, therefore, will be a complete antagonist (cell C).

AGONIST

PARTIAL AGONIST

ANTAGONIST

POTENTIAL ESTROGEN RECEPTOR-SERM INTERACTIONS

nists; it has been shown to be of importance for
pure ER antagonists, such as ICl 164,884 and ICl
182,780, but not for nonsteroidal antagonists.*

3.3 Selective Estrogen Receptor Modulators
(SERMs)

A SERM s defined as a compound that has estro-
gen agonism in one or more of desired target
tissues, such as bone and liver, and antagonism
and/or minimal agonism in reproductive tissues
such as breast and uterus.®

The path leading to SERM development began
with the synthesis of the first nonsteroidal estrogen
antagonist, MER-25, which was shown to inhibit
the action of estradiol in the endometrium without

itself causing endometrial stimulation. Later, the
nonsteroidal triphenylethylene compounds
clomiphene citrate and tamoxifen were reported to
be capable of inducing ovulation by blocking the
negative feedback of estradiol on the HPA®**" and
to block the development of dimethylbenzan-
thracene-induced mammary tumors in rats®
(tamoxifen). The results clearly demonstrated the
antiestrogenic activity of the molecules and stimu-
lated interest in their development for antineoplas-
tic activity. In the 1980s, two seminal studies, by
Beadll et a.* and Jordan et d.,* demonstrated that
clomiphene and tamoxifen had a more varied port-
folio of action in that the agents were able to
decrease bone loss in ovariectomized rats. The
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findings were remarkable because a pure antiestro-
gen would have been expected to promote rather
than inhibit bone loss. Because clomipheneisa
racemic mixture of enclomiphene and
zuclomiphene, primacy in the SERM field must be
accorded to tamoxifen. However, the discovery
that tamoxifen was, in some patients, capable of
endometrial stimulation leading to hyperplasia or
neoplasia®™ precluded its development as a bone
antiresorptive agent that would be free of uterine
bleeding and, it was hoped, breast safe.

The concept of selective ER modulation has been
demonstrated subsequently for a number of com-
pounds, including raloxifene, droloxifene, GW5638,
idoxifene, and FC-1271. Toremifene and idoxifene
are molecules similar to tamoxifen; despite their
potential as SERMs, they have been targeted for
the treatment of advanced breast cancer.
Droloxifene is known to have efficacy as a breast
cancer drug but is also a SERM at bone sites.®
Raloxifene was devel oped because it held promise
for multiple applications. It is used in the preven-
tion of bone loss and fracture in postmenopausal
women and is being tested against tamoxifen in the
Study of Tamoxifen and Raloxifene (STAR) for
the prevention of breast cancer in high-risk post-
menopausal women.® Additionally, raloxifene
reduces circulating cholesterol concentrations* and
may be efficacious to reduce risk for endometrial
cancer.® The main drawback of the drug is that it
does not reduce the occurrence of hot flushes,
which could hinder compliance. Similar pharmaco-
logic profiles are shared by idoxifene and
FC-1271, which were shown to have beneficial
effects on bone metabolism in rat models and to
act like estrogens in bone and on circulating
lipoprotein concentrations, with little estrogenic
activity in the uterus.*”® A number of SERMs are
in preclinical or clinical development (table 6-1).

The molecular mechanisms of the different effects
of SERMs in different organs are summarized
above (“Molecular Mechanisms of Antiestrogen
Action”) and in figure 6-5.
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The challenge for the future in the development of
ligands for the ERs will be to refine the target
specificity of SERMs and, it is hoped, amplify
their scope of action. For instance, a SERM with a
profile similar to idoxifene or raloxifene in the
peripheral organs and CNS might protect against
Alzheimer’s disease and hot flushes, while helping
prevent osteoporosis, CAD, and breast and
endometrial cancers.

4. FUTURE NEEDS

The availability of drugs selective for ERa and
ERP will constitute a major milestone toward the
development of drugs with specificity of action.
On the other hand, the acquired knowledge of the
molecular mechanisms of estradiol activity in
different cells might suggest novel pathsto be
followed for the development of molecules active
through the ERs. For example, ER turnover is
differentially regulated in various organs (e.g.,
following gonadectomy, ERa mRNA is increased
in the uterus but significantly decreased in the
liver®). Drugs aimed at modulating the synthesis
of ERs in specific organs may enable fine tuning
of the activity of the hormone. Antisense oligonu-
cleotides have been able to block ER synthesisin
cellsin culture. The development of such mole-
cules as drugs might allow their future clinical
use.” Alternatively, novel preparations of estradiol
in which its bioavailability is modified might have
pharmacologic profiles of interest. For instance, a
formulation allowing a very rapid intraplasmic
release of estradiol and its rapid clearance (e.g.,
transnasal administration of appropriately modified
estrogens) could have a quite different profile of
action compared with estradiol administered orally
or transdermally. Such a drug could rapidly acti-
vate the receptors but, because of its rapid clear-
ance from the blood, might have little effect on ER
down-regulation or might affect it differently in the
various targets.



TaBLE 6-1

Selective Estrogen Receptor Modulators Under Development

Drug Pharmaceutical Company | Phase of Development | Therapeutic Class
SERM 339 Aventis Phase Ila
HM 144 Hormos Medical Preclinical Anti-Alzheimer
LY 139,478 Eli Lilly and Company Preclinical Bone calcium regulation
LY 326,391 Eli Lilly and Company Preclinical Cytostatic,
bone calcium regulation
ERA 932 Ligand Pharmaceuticals Phase | Cytostatic
NNC 450,320 Novo Nordisk Preclinical Bone calcium regulation
NNC 450,781 Novo Nordisk Preclinical Bone calcium regulation
M.D.L 101,986 Aventis Pharma Preclinical Cytostatic,
bone calcium regulation
Fcl271A Hormos Medical Phase 1 Other drugs for the
musculoskeletal system
Arzoxifene Eli Lilly and Company Phase 1 Cytostatic
Research program | Signal Pharmaceutical Preclinical Cytostatic,
SERMs bone calcium regulation
Lasozifene Pfizer Phase |1 Bone calcium regulation
Research Program | Ligand Pharmaceuticals /Pfizer | Preclinical Cytostatic,
SERMs bone calcium regulation,
anti-Alzheimer
SR 1,634 SRI International Preclinical Cytostatic
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Recently, the use of phage display has allowed the
identification of peptides that interact specifically
with estradiol- or tamoxifen-activated ERa. Some
peptides were shown to regulate ER transcriptional
activities.® Such studies demonstrate that ER
activity can be regulated even by targeting sites
that are outside the ligand-binding pocket of the
protein. Thisis not surprising within the current
view of ER interactions with other proteins rele-
vant in transcription. Such results have pharmaco-
logic implications of interest because they provide
new targets for drug activities and more opportuni-
ties for the development of drugs that will modu-
late the activity of ERsin selected cells or even at
specific genes. Finaly, increased knowledge of the
physiologic relevance of unliganded activation of
ERs might lead to the development of pharmaco-
logic compounds that will activate ERs through
membrane receptors.
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These and other molecular developments will in
the near future represent starting points for the pre-
clinical and clinical development of estrogen com-
pounds, of both natural and synthetic origins, with
selective spectrums of action, as the following
points summarize:

» Developing drugs with receptor specificity
(ERa or ERB)

e Modulating the activity of the hormone interfer-
ing with the synthesis of ERs

 Attaining different profiles of action for exoge-
nous estradiol through use of different formula-
tions

e Obtaining higher specificity of action by identi-
fication of new target molecules involved in
gene transcription

* Increasing knowledge of the mechanisms
involved in ER activation through membrane
receptors to develop new pharmacologic com-
pounds acting along these pathways
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CHAPTER 7. SEXUALITY

Susan Hendrix, D.O.;* Lorraine Dennerstein, A.O., M.B.B.S, Ph.D., D.PM., T —
FRAN.Z.C.P;" and Vivian W, Pinn, M.D.} Declining sexual function

is common with aging.
KEY PoINTS? ging

There may be an
1. Declining sexual function is common with aging. There may be an additional
decrement associated with the menopausal transition.

additional decrement
associated with the
2. The causes of decreased sexual activity are multiple and include physiologic,

osychologic, and sodidl factors, menopausal transition.

3. Definitions and Classification of Female Sexual Dysfunction, given by the
consensus panel of the Sexual Function Health Council of the American Foundation for Urologic Disease,
provide a standardized system for clinical diagnosis and treatment and are recommended for use by health
care professionals [D].

4. Sexud interest, behavior, and activity should be routinely assessed at office visits on aregular basis, and a
plan should be developed to address the woman’s concerns.

5. Hormonal and behavioral therapy have had variable success in the treatment of sexual dysfunction but
should be considered in patients who desire treatment for their dysfunction [B].

1. INTRODUCTION

“Sex isahiologic expression of love and part of Aswomen live longer, are healthier and more edu-
auniversal human behavior with roots stretching cated, have more leisure time, and are more aware
back to the beginning of humankind.” of their own sexuality, they become inquisitive and

sometimes apprehensive about changes in sexual

Won-whe Kim, M.D., Ph.D. , ]
function after menopause. Sarrel and Whitehead,

* From the Division of Gynecology; Department of Obstetrics and Gynecology, Wayne State University School of Medicine, Hutzel Hospital, Detroit, M,
U.SA.

" From the Office for Gender and Health, Department of Psychiatry, University of Melbourne, Royal Melbourne Hospital, Parkville, Victoria, Australia
* From the Office of Research on Women's Health, NIH, Bethesda, MD, U.SA.

2 Evidence categories are given in square brackets. A = randomized controlled trias (rich body of data); B = randomized controlled trials (limited data);
C = nonrandomized trials and observational epidemiologic studies; D = Panel expert judgement. (See also table 1-1.)
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The prevalence
of female sexual
disorders, in both

premenopausal and

postmenopausal

25 to 63 percent.

in their survey of postmenopausal women, found a
high prevalence of sexual problems, corroborating
these changes in sexua function after menopause.*
When women experience changes in their sexual
function, they frequently turn to their health care
provider for help with their problems.

The prevalence of female sexu-
al disorders, in both pre-
menopausal and post-
menopausal women, ranges
from 25 to 63 percent.>* The
recently published U.S.
National Health and Social Life
Survey included survey data

women, ranges from  from 1,749 women between the

ages of 18-59 years (table
7-1).° Sexual dysfunction was

more prevalent in women
(43 percent) than men (31 percent). One-third of
women lacked sexual interest, and almost one-
fourth stated that they were unable to experience
orgasm in menopause. According to the survey,
20 percent of those women reported |ubrication
difficulties, and another 20 percent reported that
sex provided them little pleasure. Relevant to this
survey, sexual dysfunction appeared to be more
common in menopausal women than in pre-
menopausal women. Similarly, more than 86 per-
cent of postmenopausal women in Sarrel and
Whitehead's survey reported a variety of psycho-
sexual problems.* Due to the high prevalence of
sexual dysfunction and the importance that patients
attach to sexual function, it is essential to identify
and address these problems in our patients.
Ultimately, it will assist them in improving their
quality of life and interpersonal relationships.

Much attention has been given to male sexual dys-
function, and only recently has attention shifted to
better understand and identify female sexua dys-
function as a research priority. Clinicians receive
little or no training in the diagnosis or treatment of
sexual dysfunction and lack information on its
causes and ways to prevent the changes that may
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occur. The clinician’sindividual clinical impres-
sions and previous experience are frequently used
asthe basis for clinical practice and are conveyed
to the patient as truth, without evidence to support
those views. Regrettably, most practitioners
clinical experience is not representative of most
women'’s experience in the menopause. Thisisin
part because those presenting for treatment are
only asmall proportion of women troubled. Those
who choose to identify themselves to the clinician
as having a problem represent only afraction of
women with problems.®” Armed with the appropri-
ate facts, the clinician will be rewarded because
all patients appreciate clinician awareness and
competency in this field.

Because of these barriers, many studiesin this
review have methodologic weaknesses, including
sample bias, low measurement sensitivity, and lack
of detail on sexual preference. Population-based
surveys suggest a link between menopause and
changes in sexuality. Yet, relatively few studies of
the menopausal transition in middle-aged women
have inquired about sexual functioning. Of those,
only aminority have used a validated question-
naire to assess the different aspects of sexual func-
tioning. In addition, cross-sectional studies are
unable to distinguish between effects of social
change on different age groups and aging, and
some improperly infer causation from associations.
(Seedsoch. 3, sec. 3)

Not insignificant is the controversy surrounding
the study of sexual relationships. Kim noted that in
some ethnic groups it is amost impossible to get
an accurate answer from women about their sexual
activities (Kim WW, personal communication).

He accurately commented that there are very few
norms set biologically or statistically, and, as a
conseguence, analyses done with questionnaires
and interviews might not be reliable. Some inter-
viewees are not sincere in answering the questions,
and some give false information, as they feel shy
about presenting their thoughts and feelings
frankly. He emphasized that in most Asian countries,



TaBLE 7-1

Prevalence of Female Sexual Disorders (Percent of Women)

Lacked Interest Unable to Experienced Pain
in Sex Achieve Orgasm During Sex

(n=1,486) (n=177) (n=1,479)
Age (years)
18-29 32 26 21
30-39 32 28 15
40-49 30 22 13
50-59 27 23 8
Marital Status
Currently married 29 22 14
Never married 35 30 17
Divorced, separated, widowed 34 32 16
Race
Caucasian 29 24 16
Black 44 32 13
Hispanic 30 22 14
Other 42 34 19
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where over half the world's population lives, the
situation is even more complicated. Women are
raised under the influence of Confucian ideology
from early childhood and are taught that they should
not even be allowed to express their desire to have
sex. All the myths and misconceptions concerning

This chapter is designed to provide the best
answers to the following questions based on the
current evidence in the literature:

» Do changesin sexual behavior, interest, or
response, occur with age or menopause, or both?

female sexuality, especially in old women, remain. » If changes occur, what are they, and what
They believe, “It is natural to be away from sex causes them?
when you are old” or “Remarriage after the death « How do we define the changes?

of your spouse should never be thought of.” .
e Do wetreat the changes, and if so, what

— Other methodological problems therapies have proven efficacy?

Population-based limit study in this field. Until
recently, there were no objective,

Surveys suggest - dardized definitions of

a link between 2. INFLUENCE OF AGE ON SEXUALITY

menopause and

changes in sexuality.

both the physiologic and psy-
chologic basis of female sexual
dysfunction and menopause.
On the other hand thereis till

No consensus on an age cohort
that covers the menopausal transition. Should it be
45-55 years of age, or should it be defined by
shorter intervals? There are differences between
naturally and iatrogenically induced menopausal
women and these distinctions are often not madein
discussions of sexua dysfunction. Furthermore, the
differences between those who choose to take
exogenous hormones and those who wish to make
the menopausal transition without pharmacothera-
pies are not well defined. Therefore, how we
approach these women differently is confusing.
Objective measures of hormonal change are not
defined or standardized; instead, the absence of
uterine bleeding repeatedly defines menopause.
(See ch. 2 for definitions.) Questionnaires are not
designed to reflect how women experience, prob-
lems and data analysis techniques have to be more
appropriate. (See ch. 3 and 4 for biases in women
sampling.)® The studies reviewed in this chapter
represent the available current evidence and must
be used as a basis for best practice.
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The most frequent measures of change in sexual
function used in the literature are coital and orgas-
mic frequency. To understand the changes of the
menopausal transition, we must first review the
changes leading up to the years most commonly
used to define menopause.

The Kinsey studies conducted in the 1950s were
the earliest to examine the relationship between
sexuality and age. In 1953, in a cross-sectional
descriptive analysis, Kinsey et al. described the
aging patterns of sexual activity in unmarried men
and women.® The frequency of orgasm reported by
women remained relatively constant at 0.5
episodes per week from puberty through age 55.
Men reported a constant decline from 2.3 episodes
per week at age 15 to 1 episode per week at age 50.
Married women and men showed similar declines
in frequency, with women having lower levels of
activity than men at all ages. The authors surmised
that the married woman's decline might be a result
of her husband’s and not her own aging. Women
also indicated that their sexual activity reflected
whether or not they had a partner and, if they did,
their partner’s preferences. Their report lacks indi-
cation of a decline in awoman’s sexual function
secondary to age, and it was unable to determine
whether a decline in function with age was due to
physiologic, psychologic, or social factors.



A legitimate question to ask is whether this infor-
mation obtained from two generations past applies
today. The answer awaits further study. There have
clearly been changes in sexual mores over the
years. Nowadays, the orgasmic frequency of
women may be much higher than 0.5 episodes per
week. Many women experience orgasm in differ-
ent ways than is classically described, and this
may explain the relatively low frequency of
orgasm reported in the Kinsey studies. Moreover,
many women get sexua satisfaction without
achieving orgasm, especially those who value inti-
macy and the relationship with their partner. This
is often not accounted for in research studies.

Some of the earliest studies of sexuality attempted
to define the factors that influenced sexual activity.
In 1960, Newman and Nichols reported cross-sec-
tional data on 250 men and women between the
ages of 60 and 93. In the 100 personsin the sin-
gle, divorced, or widowed group, only 7 percent
were sexually active. In the remaining 150 persons
in the married group, 54 percent were sexually
active, suggesting that a socialy permitted and
legally approved partner significantly influenced
the continuance of sexual activity. There was a
gradual decline in activity through adulthood,
athough some level of activity persisted into late
adulthood.

In 1972, Pfeiffer et a. attempted to report the vari-
ous sexual behaviors in middle-aged and older
both women and men."* Using a subsample from a
larger longitudinal study on the determinants of
adaptation in middle life (the Duke study), they
showed a pattern of declining sexua activity with
age in both sexes. The frequency of intercourse
was lower for women than for men at all ages;
however, 98 percent of the men versus 71 percent
of the women were married. Both women and men
attributed the choice of discontinuing sexua inter-
course to the man. Only 7 percent of women
reported no sexual interest. Of those who did note
a decline, the sharpest increases were noted

between ages 45 and 50 and between ages 51 and
55. These findings contradicted earlier work.

In 1981, George and Weiler reported on 502 mar-
ried men and women 46-71 who were followed
from the original Duke cohort at 2-year intervals
for 4 years.2 Of those who attended all interviews
and remained married (278), 20 percent of the total
group reported a decrease in sexua activity while
5 percent reported an increase. Only a small
portion of the sample (n = 57) were women aged
46-55 at the beginning of study. Despite the over-
all decrease, the authors concluded that sexual
activity remained more stable over time than was
previously suggested. One limitation of the Duke
Study was that it obtained its sample from
enrollees of an insurance company and was there-
fore a biased sample of middle, and upper-class
healthy, employed people 55 years and older.

As evidenced by the above reports, there had been
only small, descriptive reports up to the late 1970s.
This led Hallstrom to recruit 800 perimenopausal
Swedish women aged 46, 50, and 54 years and a
premenopausal group, 38 years of age to attempt
to better define changes in sexual functioning
which may be related to the menopausal
transition.”* All of the women had intact uteri and
ovaries, and none were using oral contraceptives
(OCs). All were cohabiting with a man. Factors
assessed were sexual interest, orgasm with coitus,
change in sexua interest, change in capacity for
orgasm, and mean frequency of coitus—all strati-
fied by age cohort. There was a striking decline in
sexual interest, capacity for orgasm and coital fre-
quency from age 38 to 54. Not al women reported
a decrease, but the majority of the menopausal
women did. The Gothenburg Women Study refuted
a century-old belief that sexual interest abruptly
increases during the climacteric. Although a small
group reported increases in sexua interest or
capacity for orgasm, the numbers were small and
decreased with age.
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The Danish study of Koster and Garde involved a
general population sample of 474 women, al born
in 1936, who were subsequently examined at the
ages of 40, 45, and 51.% Personal interviews were
conducted in 1976 and 1981, and questionnaires
were mailed for the last followup. Of the 51-year-
old women, 59 percent reported no change in sex-
ual desire over the study period of 11 years, 30
percent reported decreased desire, and 11 percent
reported an increase. However, this was based on
recall from 11 years earlier. Decrease in sexual
desire correlated significantly with the woman's
subjective assessment of being climacteric.

One of the more recent investigations was by
Hallstrom and Samuelsson, who utilized the
women in the original Swedish cross-sectional
study for a prospective study on sexual desire.
The study surveyed 497 married or cohabiting
women, on two occasions, 6 years apart, about
their sexual desire. They found significantly
decreased sexual desire between ages 46 and 60.
After the age of 50 years, none reported a strong
sexual desire; 27 percent reported a decrease, and
10 percent reported an increase in desire between
the interviews.

To assess what changes women complained of,
Osborn et al. surveyed 436 women with amale
sexual partner (94 percent married) and found 33
percent to have at least one operationally defined
sexual dysfunction. (See sec. 6).*° The most fre-
quent dysfunctions were reduced sexual interest
(17 percent), vaginal dryness (17 percent), and
infrequent orgasm (16 percent). Dyspareunia was
described by 8 percent. Significant factors were
assessed, with age emerging as the most important
determinant of operationally defined dysfunction.
One or more dysfunctions occurred in 49 percent
of women aged 50 and older and in 21 percent of
women younger than age 50.

In 1997, Barlow et al. reported on their study of
2,045 women between the ages of 55 and 85
years.”” Their aim was to describe urogenital aging
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and its associated problems in older British
women. The survey reported 73 percent of the
women were not sexually active, with the lack of a
partner being a major reason. There was decreas-
ing sexual activity with increasing age; however,
women aged 65-74 had a frequency of activity
similar to the younger women studied.
Dyspareunia and/or vaginal dryness were
described as a severe problem by 12 percent,
among which 33 percent did not seek professional
advice and 36 percent used “ over-the-counter”
remedies. HRT was of short duration and declined
with age.

2.1 Influence of Menopausal Status and
Ethnicity on Sexuality

Sarrel and Whitehead were among the earliest to
associate a decline in sexua activity with
menopause. They interviewed 185 women attend-
ing a menopause clinic to define what issues,
concerns, and dysfunctions were present.t More
than 86 percent reported a sexual problem. Most
women (121/185) reported developing their sexual
problem immediately preceding and following the
transition through menopause. Problems they iden-
tified included disorders of sexual desire, sexual
response, and sexual behavior. Newman and
Nichols also showed a decline in sexual interest
with age, with an implied association with the
menopause transition.* In contrast, Pfeiffer et al.
reported that, in comparison to age, menopausal
status made a small contribution.*

In 1996, Myers performed a meta-analysis of
sexuality and menopause.*® Empirical studies per-
formed from 1972 to 1992 that assessed sexuality
and perimenopausal and postmenopausal women
were collected and reviewed. A blinded review of
the methodol ogies was performed. The findings of
the analysis of viable studies indicated that hor-
mones, both exogenous and endogenous, had some
importance to perimenopausal and postmenopavusal
sexuality, suggesting an influence of sex hormones
on menopausal sexuality.



It makes sense intuitively that there are ethnic vari-
ations in sexua function at menopavise; however,
few reports address this important issue. The most
common complaints of naturally postmenopausal
Tha women are loss of libido, orgasmic dysfunction,
and dyspareunia.’® Menopausal status appeared to
impact sexual function, as both sexual desire and
activity decreased after menopause. Only 14 percent
occasionally reached an orgasm, while the other 86
percent never had orgasm after menopause.

Although many studies suggest some relationship,
abeit ill-defined, between sexuality and
menopause, Cawood and Bancroft did not concur.
They recruited 141 women into a survey study of
the determinants of sexuality and well-being in the
menopause.”? They found no relationship between
menopausal status and interest or frequency of
sexual activity and no support for the direct role of
estrogens or androgens in the sexuality of women
between the ages of 40 and 60. Only 54 women in
their study were menopausal. Testing for hormone
levels did not significantly predict measures of
sexuality, while other aspects of the sexual rela-
tionship that were predictive were sexua attitudes
and measures of well-being. They also identified
vaginal lubrication as an important factor in the
sexuality of women of this age group.

2.2 Summary

It isdifficult, if not impossible, to separate the
effect of aging effects on sexua function from that
of menopause. Also, the menopausal transition is a
time of psychosocial as well as biological change.
It appears that there is a decline in sexual function
as women age, but whether these changes are due
to aging, the hormonal changes of menopause,
psychosocial factors or health status remains
uncertain. The most frequent complaints of women
were reduced sexual interest, vaginal dryness,
infrequent orgasm and dyspareunia.

3. CAUSES OF DECREASED

SEXUAL INTEREST
Controversy exists over whether areduced level
of sexual interest is the cause of, or is caused by,
infrequent or decreasing sexual activity in women
or adecline in estrogen and/or androgen levels.
Adaptation theory postulates a declining interest
of the husband induces a similar response in the
woman. Seemingly, the most common cause of
declining sexua drive in men is age. However, the
Gothenburg Study** showed no difference between
the husbands of women with declining sexual
interest and those with no change. In fact, a higher
percentage of the women with declining interest
reported that their partners’ sexual interest was
stronger. The same group admitted to submitting
to their husbands' desire for intercourse without

having desire themselves.
|

Zumoff et al. observed that
endogenous androgens may
play an important role in psy-
chosexual functioning in the
menopausal transition, during
which testosterone levels are
approximately 50 percent of
the levels between 20 and 30
years of age Two studies
have shown a correlation
between endogenous androgen
levels and optimal sexual function. McCoy et a.?
evaluated 16 perimenopausal women who recorded
their menstrual and sexual activity daily. Estradiol
and testosterone levels showed significant declines
during the menopausal transition; however, testos-
terone showed the most consistent association with
coital frequency. Floter et a.? used the McCoy
guestionnaire to correlate the total score (for sexual
enjoyment, orgasm, frequency, and vaginal state)
with levels of testosterone, dehydroepiandrosterone
sulfate, androstenedione, and the ratio of testos-
terone to SHBG (an indicator of free testosterone).?
Androstenedione correlated with increased sexual
functioning of perimenopausa women.

The most frequent
complaints of
women were reduced
sexual interest,
vaginal dryness,
infrequent orgasm,

and dyspareunia.
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Many studies of sexual interest in premenopausal
women suggest a cause-effect relationship between
hormone levels and sexual function. Schiavi found
arelationship between circulatory androgens and
sexual desire and arousability in alarge group of
reproductive-aged women with regular menstrual
cycles® A higher sex drive at midcycle, during the
testosterone peak, has been reported; however, it is
difficult to relate these changes in sexuality to a
single factor.®

4. CHANGES IN SEXUAL BEHAVIOR,
INTEREST, AND RESPONSE
The cross-sectiona baseline study of the
Melbourne Women's Midlife Health Project sur-
veyed 1,879 women by telephone with three aims:
to describe women's subjective assessment of the
changes that they experienced in sexual interest
and reasons for those changes; to relate changesin
interest, coital frequency, and dyspareunia with
menopause; and to attempt to identify those vari-
ables that are associated with change in sexual
behavior.* The majority reported no change in
interest (62.3 percent), while a large number (31.1
percent) reported a decline in interest associated
with menopause rather than age. Only 6.6 percent
of women reported an increase in sexual interest.
Natural menopause was associated with decreased
interest and likelihood of intercourse and an
increase in dyspareunia. Hysterectomy, with or
without oophorectomy, had little influence on sex-
ual activity.

Subsequently, 354 of these women participated in
alongitudinal study and reported menopausal
status significantly affected vaginal dryness and
dyspareunia.? There was aso an effect on sexual
responsivity mediated through symptoms and
well-being. Feelings for partner, sexual responsivi-
ty, frequency of sexual activities, and libido all
significantly decreased with time, while vagina
dryness/dyspareunia and partner problems increased.

128

Another common condition that impacts sexual
functioning is urinary and fecal incontinence. In a
report by Hilton, 46 percent of women reporting
Ul felt that it had a negative impact on their sexual
functioning.

5. ANATOMIC AND PHYSIOLOGIC
CHANGES ASSOCIATED WITH AGING
Masters and Johnson described how anatomic and
physiologic changes associated with aging could
negatively affect sexual response.” It may take a
longer time to reach the excitement phase because
of areduction in the blood flow to the vagina, a
reduction in engorgement of the genital organs,
including the clitoris, as well as decreased amount
of vaginal lubrication and adelay in time to lubri-
cation. These factors may cause dyspareunia. The
plateau phase may be prolonged as a result of
reduced uterine elevation, decreased nipple erection,
and vasocongestion of the breasts. Although orgas-
mic capacity is retained, thereis areduction in the
number and intensity of vaginal contractions.

6. DEFINING SEXUAL DYSFUNCTION

Classicaly, the definitions of female sexua dys-
function have been modeled on the human sexual
response cycle first described by Masters and
Johnson®* and later enriched by Kaplan.® Their
work formed the basis for the diagnostic systems
of both the International Statistical Classification
of Diseases and Related Health Problems
(ICD-10)* and the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM
IV).* Recently, the Sexual Function Health
Council of the American Foundation for Urologic
Disease convened a consensus panel to reevaluate
and better define and classify female sexual
dysfunction.* Retaining the categories of both sys-
tems, several changes were made in the definitions
and classifications; the new format is shown



below. One of the major changes in the classifica-
tion schema was to add the criterion of personal
distress to the diagnosis.

1999 Consensus Classification System

Sexual Desire Disorders
Hypoactive Sexual Desire Disorder

Hypoactive sexua desire disorder (HSDD) isthe
persistent or recurrent deficiency (or absence) of
sexual fantasies/thoughts, and/or desire for or
receptivity to sexual activity, which causes person-
al distress. This allows for trigger of sexual desire
to be secondary to the partner’sinitiative. If the
choice is made to not be sexual, there is no disor-
der present.

Sexual Aversion Disorder

Sexual aversion disorder (SAD) is the persistent or
recurrent phobic aversion and avoidance of sexual
contact with a sexual partner, which causes person-
al distress. Because often this disorder is secondary
to sexua or gynecologic trauma, some experts
believe that it belongs in the category of phobias.

Sexual Arousal Disorders

A sexual arousal disorder is a persistent or recur-
rent inability to attain or maintain sufficient sexual
excitement, causing persona distress, which may
be expressed as alack of subjective excitement or
genital (lubrication/swelling) or other somatic
responses. Goldstein and Berman theorize that the
etiology in some women experiencing difficulties
with vaginal engorgement or clitoral erectile insuf-
ficiency may be secondary to atherosclerosis.®

Orgasmic Disorder

Orgasmic disorder is a persistent or recurrent diffi-
culty, delay in, or absence of attaining orgasm fol-
lowing sufficient sexual stimulation and arousal,
which causes persond distress. This disorder occurs
in 20-30 percent of women, not infrequently with
vaginal intercourse.

Sexual Pain Disorders

Dyspareunia

Dyspareuniais arecurrent or persistent genital pain
associated with sexual intercourse. The prevalence
of this disorder has been reported to affect between
10-15 percent of women.* Consideration should
be given to physical causes such as endometriosis,
episiotomy scarring, or skin sensitivity.
Vaginismus

Vaginismusis arecurrent or persistent involuntary
spasm of the musculature of the outer third of the
vagina, that interferes with vagina penetration,
which causes personal distress. Vaginismus occurs
in 12-17 percent of all women in reports from the

United States. However, in Asia, it isvery rare to
see it (Kim WW, personal communication).

Other Sexual Pain Disorders

Other sexual pain disorders are recurrent or persis-
tent genital pain induced by noncoital sexual stim-
ulation.

Each of the categories above has the following
subtypes on the basis of the medical history, physi-
cal examination, and laboratory tests:

a) Lifelong versus acquired.
b) Generalized versus situational.

c) Etiologic origin (organic, psychogenic,
mixed, unknown).

Health care professionals and the lay public are
encouraged to implement this new classification
system in the conduct of future research, the clini-
cal diagnosis and treatment of women with sexual
dysfunction, and the education of women with
these problems.
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7. ASSESSING SEXUAL ACTIVITY

Clinicians should routinely ask their patients about
their sexual functioning. Many elderly couples
wonder if it is still possible or safe to have coitus
after the menopause or how long they can enjoy
sex without harming their health. Sexual history
questions particularly pertinent to postmenopausal
patients include the following:

* Areyou satisfied with your sexual life?
» Do you have any questions about sex?

» Hasthere been a change in your sex drive,
lubrication, or orgasm?

* Do you have any sexual problems? Would you
like help with the problem or problems?

» Can you describe when the problem started, and
how often it occurs?

» Have you tried anything to correct the problem?
Has it worked?

» Doesyour partner have any sexua problems?

It isimportant to be aert to the possible effects of
aging, illness, or medical or surgical treatment on
libido and sexual responsiveness. Sexual dysfunc-
tions may have a negative influence on awoman’s
self image, her physiologic response, or her part-
ner’s response. One of the most controversia
issues is whether hysterectomy impacts sexual
function. If done for symptoms, such as pain or
bleeding, a hysterectomy can result in improved
sexual functioning.®” Alternatively, some women
view it as causing aloss of their female identity
that negatively impacts sexual functioning.®#*
Possible medical causes of sexual problems
include the following:

llinesses: Any physical or emaotional chronic dis-
ease—physical or emotional, including liver, renal,
cardiac, anemia, hypertension, stroke, cancer, neu-
rologic disease, colostomy, neostomy, bladder
surgery, incontinence, herpes virus or HIV infec-
tion, venereal warts, and cystitis—may cause sexu-
al dysfunction.
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Medications: Hypoglycemic agents, antihyperten-
sive drugs, vasodilator and other cardiac drugs,
antineoplastic drugs, major or minor tranquilizers
(depending on dose), diuretics, and antihistamines
may cause sexua problems. (See table 7-2.) Some
studies suggest antidepressants (including SSRIs)
may reduce desire and delay orgasm.® Decreased
libido occursin 20 percent of patients on tricyclic
antidepressants, and 30 percent have impaired
orgasm.

Treatments: Major surgery (hysterectomy, mastec-
tomy, coronary artery bypass, organ transplant),
diaysis, radiotherapy, and chemotherapy may
cause sexual dysfunction.

8. TREATMENT FOR SEXUAL DYSFUNCTION

Sexua function for any person at any age involves
sexual thoughts, desires, feelings of arousal, poten-
tial for orgasm, and physical and mental relax-
ation. The treatment of sexua dysfunction is
dependent adequate research showing efficacy of
the treatment over another medication, a placebo
or another treatment. Compared to with treatments
for other mental health diagnoses, treatment for
sexua dysfunction has lagged behind. The causes
are multiple and include such issues as alack of a
standardized approach to therapy, the lack of con-
trol groups, and the dominance of the techniques
described by Masters and Johnson.* However, one
of the most probable causes for the lack of treat-
ment options for sexual dysfunction has been the
lack of research funding to study these disorders.

Behavioral and medical treatments for sexua dys-
function are reviewed below, and where evidence
exists, recommendations are made as appropriate.

8.1 Behavioral Therapy for Sexual Dysfunction
A literature review of the application and outcome
of sex therapy and other treatments for sexua dys-
function showed the format of effective conjoint sex
therapy may be of significant benefit to couples
with sexual dysfunction.” Sarwer and Durlak con-



TABLE 7-2

Medications Associated With
Adverse Effects on Female Sexual
Function and Response

Antihypertensive drugs

Antidepressants and anxiolytics (especialy SSRIs)
Anti-inflammatory drugs

Antiparkinsonian drugs

Antiseizure drugs

Beta-blockers

Bromocriptine (painful clitoral tumescence)
Cimetidine

Digoxin

Diuretics

Gemfibrozil

Gonadotropin-releasing agents

Methyldopa

Psychoactive drugs

Sleeping pills

Tranquilizers

Abusive Drugs Associated with
Abnormal Sexual Response

Alcohol
Narcotics
Nicotine

ducted afield trial of behavioral sex therapy for 365
married couples presenting with a range of sexual
dysfunctions at an outpatient sexual dysfunction
clinic of alarge medical center.” The number of
sensate focus exercises completed in the last week
of treatment was the strongest predictor of success-
ful treatment. The results of this study confirmed
that behavioral sex therapy is effective in the treat-
ment of married couples with sexual dysfunction.

8.1.1 Anorgasmia

The approach to treatment of primary anorgasmia
utilizes the techniques of sensate focus, desensiti-
zation, and/or directed masturbation exercises. The
primary elements of sensate focus developed by
Masters and Johnson are physical caresses coupled
with nonsexual progressing to sexual touching

exercises.® The success rate was 84 percent in just
over 1 year and 82 percent a 5 years. Desengitization
is used when anxiety plays amajor rolein the
dysfunction; however, it alone does not improve
orgasmic capacity.® Directed masturbation exercises
have had varying success in the treatment of
primary anorgasmia.

Kilmann et a. investigated the differential effec-
tiveness of various treatments for 55 couples
where the woman reported secondary orgasmic
dysfunction.* Compared with women in the con-
trol group, a significantly greater number of treat-
ed women reached or exceeded the project’s 50-
percent criterion for coital orgasmic functioning.
However, these differences were not significant at
the followup visit.

131



None of these studies evaluated the effects of treat-
ment of individuals without partners and of, com-
bining sex therapy with marital therapy and with
physical methods of treatment. Thus, no evidence-
based recommendations can be made.

A thorough review of behavioral therapies for sex-
ual dysfunction is beyond the scope of this review

but is available.”

9. THE INFLUENCE OF ENDOGENOUS
HORMONES AND EXOGENOUS
HORMONE THERAPY FOR SEXUAL
BEHAVIOR, INTEREST, AND RESPONSE

9.1 Endogenous Hormones

The influence of the sex hormones, including
estrogens, androgens, and progestogens, in the
menopause remains debatable.

Although estrogen and
estrogen/progestin
replacement therapy
have been shown to be
an effective treatment
for vaginal atrophy,
increasing vaginal
lubrication, they have
not been shown to
consistently increase

sexual desire or activity.

Two studies have shown
the importance of adequate
estrogen levelsin main-
taining genital health and
vaginal lubrication and
preventing insertional
dyspareunia. Semmens and
Wagner reported on 14
women between the ages
of 51 and 70 years who
had decreased vaginal pH,
vaginal fluid, and vaginal
blood flow, all of which
improved with HRT.*
Sarrel showed a correlation
between serum estradiol
levels (concentrations) and

sexua dysfunction.”” At alevel of less than 50
pg/mL, women reported vaginal dryness, increased
frequency and intensity of dyspareunia, pain with
penetration and deep insertion, and burning, all of
which were significantly bothersome.

At the cellular level, Ginkel et a. compared the
vaginal pH and microbial environment in women
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before and after starting HRT.® With HRT, the
vaginal pH became more acidic, there was an
increase in superficial cells, and most importantly,
there was a significant decrease in the number of
anaerobes and an increase in Lactobacillus species
in the vagina.

Similarly, in an interview survey of 52 peri-
menopausal women with adequate records, Cutler
et. al. reported women with estradiol levels below
35 pg/mL described reduced coital frequency com-
pared with those with levels greater than 35
pg/mL.* Women with higher estradiol levels had
no complaints related to sexual desire, response,

or satisfaction.

Additionally, in observational study, 59 healthy,
postmenopausal women between 60 and 70 years
of age were evaluated for sexual function.®
Two-thirds were sexually active. The sexually
active group reported higher levels of sexua
desire, greater sexua satisfaction, more comfort
in expressing sexual preferences, and greater
premenopausal sexual satisfaction than women
who were not sexually active. On pelvic examina-
tion, the sexually active group had less genital
atrophy than the abstinent group. Of the hormones
studied, higher serum levels of free testosterone
were associated with reports of increased

sexua desire.

9.2 Estrogen/Hormone Replacement Therapy
Although estrogen and estrogen/progestin replace-
ment therapy have been shown to be an effective
treatment for vaginal atrophy, increasing vaginal
lubrication, they have not been shown to consis-
tently increase sexual desire or activity.

In the 1970s, three double-blind studies on the
effects of HRT on sexual response reported con-
flicting results. Campbell found vaginal dryness
was significantly decreased with estrogen treatment
compared with placebo, but participants noted no
change in masturbation, orgasm, and frequency of
coitus or coital satisfaction.®* Previous reports by
Utian®* and Coope et al.* failed to show improve-



ment in sexual desire in surgically and naturally
menopausal women with CEEs.

Fedor-Freybergh showed significant benefit of
ERT on libido, sexual activity, satisfaction, plea
surable experience, sexual fantasies, and capacity
for orgasm.* This was corroborated in a random-
ized, double-blind, placebo-controlled, crossover
tria of estrogen and progestin, alone and in combi-
nation, which found beneficial effects of estrogen
alone or combined with the progestin on sexual
desire, enjoyment, orgasmic frequency, and vagina
[ubrication.® There were no differences between
groupsin coital frequency.

In amore recent study of estrogen transdermal
replacement therapy in postmenopausal women,
there was an improvement in patient satisfaction
with frequency of sexual activity, sexual fantasies,
degree of enjoyment, vaginal lubrication, and lack
of pain during intercourse, without impacting fre-
quency of orgasm or sexual arousal.®

9.3 The Role of Androgens in Sexual Function
and Estrogen/Androgen CoTherapy for HRT

The role of sex steroids, including androgens, in
sexual function remains controversial. As previ-
ously discussed, sexual desire can be influenced by
many factors. In addition, the decline in serum
testosterone is not unique to the menopause. In a
study of 33 healthy volunteers, 24-hour serum lev-
els of testosterone decreased steadily between ages
20 and 50.*

Ovarian and adrenal changes associated with the
menopause lead to a decline in all androgen con-
centrations, with androstenedione production
decreased more substantialy than testosterone pro-
duction.*” Postmenopausal women obtain most of
their circulating estrogen from peripheral aromati-
zation of these androgens. SHBG is an important
determinant of sex steroid activity, since the
unbound steroid fraction is the biologically active
component. SHBG is increased by estrogens,
decreasing hiologically available androgen. SHBG
is decreased by androgen, increasing biologically

available androgen.® Applying the evidence from
animal studies, this may influence sexua desire at
the level of the CNS.%®

Geist and Salmon, although not the first, were
among the early investigators to supplement ERT
with androgens.® They studied the effects of
testosterone propionate administered twice weekly
at adose of 25 mg, starting on the 12th day of the
menstrual cycles for its effects on menopausal
symptoms. Maintenance doses of 10 mg of either
testosterone propionate or methyltestosterone
monthly thereafter were also studied. They found
that menopausal symptom relief was particularly
helpful in women on estrogen alone with menor-
rhagia and in those who only had partial symptom
relief with estrogen.

Shortly thereafter, Greenblatt reported on the use
of androgens for hot-flush relief and an added ben-
efit of improving libido.® Again in 1950,
Greenblatt and colleagues studied the safety and
efficacy of multiple estrogen-androgen formula-
tions in a prospective, double-blind, placebo-con-
trolled, crossover study.® They reported improved
well-being and libido, with better relief of hot
flushes and other menopausal symptoms than
either HRT or placebo. Additionally, those on
estrogen-androgen reported less breast tenderness,
pelvic congestion, and nausea. In 1950, Glass rein-
forced the benefit of testosterone on women's sex-
ual response.* He reported that combination thera-
py with estrogen and androgen produced a
“smoother transition” and “provides reassurance to
the menopausal woman that she is not failing in
her psychosexua life.”

Sherwin and Gelfand published a case series of
surgically menopausal women and confirmed earli-
er studies showing the role of androgensin the
maintenance of sexual functioning.® Sexual
arousal, desire, and fantasies increased in women
with estrogen-androgen replacement therapy as
opposed to estrogen alone. They also noted that the
rates of coitus and orgasm were higher in the
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estrogen-androgen group during the first two post
injection weeks. Additionally, they performed a
crossover study of 53 surgically menopausal
women and showed that the major impact of
androgen in women was on sexua motivation, not
increased sexual activity. Although there has been
concern about the potential of negative impact of
androgens on lipids and heart disease, research has
not confirmed any increase in risk secondary to the
addition of androgens in HRT.%¢

Although there has
been concern
about the potential
of negative impact
of androgens on
lipids and heart
disease, research
has not confirmed
any increase in
risk secondary to
the addition of

androgens in HRT.

Sarrel et al. reported in 1998 on
20 postmenopausal women
unhappy with their estrogen/
hormone replacement therapy
regimen who were randomized
to receive either esterified estro-
gens or esterified estrogens with
androgen for 8 weeks.® They
described significantly improved
sexual sensation and desire after
4-8 weeks of double-blind treat-
ment with estrogen and andro-
gen. They showed increased
SHBG in the estrogen-only
group with decreased free andro-
gens and showed the reversein
the estrogen-androgen group.
This led to the explanation that
improvement in sexual sensation

and desire may be related to the increased avail-
ability of endogenous or exogenous androgens.

In apilot case series of 17 nonrespondersto oral
ERT, estradiol-testosterone combination implants
appeared to significantly improve libido, enjoy-

ment of sex, the ability to climax, and the initiation
of sex, as examined by an analog scale, in a major-
ity of women.®
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9.4 Other Agents

Newer hormonal agents in research trials have
indicated a possible benefit in reducing vaginal
dryness, which may impact sexual function.
Tibolone, a preparation with weak estrogen, prog-
estin, and androgen activity not yet released for
use, was studied in 437 women with post-
menopausal complaints; they showed improvement
of vaginal dryness, similar to 17p-estradiol/
norethisterone acetate, with fewer bleeding prob-
lems.” In an RCT of tibolone versus 17(3-estradiol,
sexual frequency, satisfaction, and enjoyment were
significantly improved over estradiol alone.™

Bupropion is an antianxiety medication which
appeared to increase libido and orgasm in combi-
nation with sertraline.” It may be used as an anti-
dote in women who have sexual dysfunction while
on SSRIs.*™ A dose of 150 mg of trazodone daily
has been reported to increase sex drive in awoman
postmastectomy with low sex drive.™ A recent
small study of oral phentolaminein six post-
menopausal women with female sexual arousal
disorder showed self-reported improvement of
vaginal lubrication and pleasurable vagina sensa-
tions and deserves future study.”

Although there has been much interest in the use
of sildenafil (Viagra®) in the sexual dysfunction of
women, the only published study on the efficacy of
this agent for female sexual arousal disorder was
not shown to improve sexual response in women
receiving estrogen.

Herbal remedies for sexual dysfunction lack rigor-
ous study. A few small trials have assessed effica-
cy. A drug-monitoring study investigated 12 weeks
of treatment with St. John’s Wort extract, one
tablet three times daily (900 mg Hypericum, Kira),
in 111 women from a general medical practice in
Germany. Patients were between 43 and 65 years
of age, and had climacteric symptoms characteris-
tic of the premenopausal and menopausal state.
The Menopause Rating Scale,” a self-designed
questionnaire for assessing sexuality, evaluated



treatment efficacy. Sexual well-being improved
after treatment with St. John's Wort extract.™
Although there are anecdotal reports of other
herbal agents, no clinical trials have been per-
formed to date. Of interest, cliniciansin Asia do
not expect herba remedies to be effective in treat-
ing awoman’s sexua dysfunction, since after
thousands of years of use of oriental medicine,
they still could not find appropriate therapy, even
for men (Kim WW, personal communication).

10. CONCLUSIONS

Multiple population-based studies imply a decrease
in female sexual functioning associated with the
midlife years, and there is growing evidence that
this reflects hormonal changes of the menopausal
transition rather than increasing age. Hormonal
change is only one aspect of the many factors that
impact sexual functioning. These include presence
of asexua partner, partner’s age and health, length
of the relationship, feelings towards the partner,
level of past sexual functioning, socid class, edu-
cational level, experience of physical or psycho-
logical ill health, stressors, employment, personali-
ty factors, and negative attitudes towards the
menopause.

Changes in sexual behavior, interest, and response
should be assessed in the office on aregular basis
and a plan developed with the woman to address her
needs. Therapeutic options include the use of estro-
gen and estrogen-androgen replacement therapy.

11. FUTURE NEEDS

As life expectancy continues to increase, the chal-
lenge for the future will be to improve the quality
of aging years. Sexua health and well-being is an
important part of that quality of life. Future needs
areto:

Improve understanding of
the natural hormonal
changes that occur with
aging and menopause.

Understand the role of
endogenous estrogens and
androgens in the sexuality
of women.

Develop standardized meth-
ods to measure libido in
women.

Better define the determi-
nants of sexua health,
including sexual desire and
arousal, in menopausal
women.

Increase understanding of
the effect of medications on
female sexuality in the
menopause.

Changes in sexual
behavior, interest,
and response should
be assessed in the
office on a regular
basis and a plan
developed with the
woman to address
her needs.
Therapeutic options
include the use
of estrogen and
estrogen-androgen

replacement therapy.

Understand the role of therapeutic hormonal
and nonhormonal agents in the treatment of

sexua dysfunction.

Improve the transmission of information about
sexua health to postmenopausal women.
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CHAPTER 8: CARDIOVASCULAR AND PULMONARY DISEASE

Peter Collins, M.D.;* Nanette K. Wenger, M.D.;" Jacques E. Rossouw, M.D.;* and Rodolfo Paoletti, M.D.°

KEY POINTS?
1. CVD isthe commonest cause of morbidity and mortality in women [C]. =™
) L ) CVD is the commonest
2. Therisk factors contributing to CVD are generally the same in women and men, o
with the possible exception of hormonal effects [C]. cause of morbidity and
3. Evidence-based medicine has demonstrated that beta-blockers, aspirin, statins, mortality in women.

and ACE inhibitors can reduce the risk of cardiovascular events in women. The
main causes, prevention, and treatment of CVD in women are similar to those in men [A].

4. Although the use of HRT has been associated with alower risk of CVD in epidemiological studies, this has
not been borne out in clinical trialsto date [C].

5. Until the long-term benefit of HRT is proven, attention should focus on identifying and treating the same
risk factors in women asin men [A].

1. INTRODUCTION

CVD afflicts more women than any other disease. for the short-term treatment of symptoms of peri-
It is by far the commonest cause of morbidity and menopause may not necessarily be the best choices
mortality in women, and there is a steep increase in for preventing CVD. HRT is not asingle entity but
the incidence of CVD with age, especialy after encompasses a diverse number of agents, which
menopause. Ovarian hormones are thought to be may have differing effects on the cardiovascular
protective of the cardiovascular system; 173-estra- system. It is therefore important, from a public

diol and progesterone. Hormones that are effective health standpoint, to perform studies using different

* From Cardiac Medicine, NHLI, Imperial College School of Medicine, London, United Kingdom.
" From Emory University School of Medicine, Atlanta, GA, U.SA.

* From the WHI, NHLBI, NIH, Bethesda, MD, U.SA.

$ From the Department of Pharmacological Sciences, University of Milan, Milan, Italy.

2 Evidence categories are given in square brackets. A = randomized controlled trials (rich body of data); B = randomized controlled trials (limited data);
C = nonrandomized trials and observational epidemiologic studies, D = Panel expert judgment. (See also table 1-1.)
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routes of administration and different doses and
combination of hormonesto arrive at firm conclu-
sions about the role of HRT in the prevention of
CHD in postmenopausal women. CHD prevention
is conventionally divided into primary and secondary
prevention. Primary prevention addresses interven-
tions in the absence of clinically recognized
disease, although atherosclerosis may be present.
In secondary prevention,

a cardiovascular event has

HRT is not a single
entity but encompasses
a diverse number of
agents, which may have
differing effects on the

cardiovascular system.

already been documented.
In this chapter we have
made no distinction
between primary and sec-
ondary prevention of CHD,
since therapies that work
for secondary prevention

usually work for primary

prevention and vice versa.

Although HRT has been the focus of much atten-
tion in menopausal women, the approach to the
prevention of CVD should be multifaceted. There
isincreasing information on the beneficial effects
of lifestyle changes (e.g., nutrition and exercise),
which can contribute greatly to the reduction in
risk of CVD. One of the problemsin CVD
research in women is that some of the major phar-
macologic studies have been conducted in men or
have included only a small proportion of women.
Nonetheless, a number of drug interventions,
including beta-blockers, aspirin, statins, and ACE
inhibitors, have been shown to decrease events
associated with CHD in women as well asin men.
Future studies have to include adequate numbers
of women in order to make valid assessments of
treatment effects in women.

This chapter identifies important areas of CVD that
have been studied and reported in women and that
provide a basis for future research in this area of
women's health. Only with large, well-conducted
clinical trials can important and accurate information
be accrued on CVD in postmenopausal women.

142

2. Risk FACTORS FOR CORONARY
HEART DiSease IN WOMEN

The term “risk factor” is used to describe charac-
teristics found in healthy individuas that have
been observed in epidemiological studies to be
related to the subsequent occurrence of CHD. The
risk factors for CHD are multifactorial, and many
of these are similar in women and men.

+ Age

» History of CHD, stroke, or peripheral vascular
disease

e Family history of premature CHD

e Dysdlipidemia

* Cigarette smoking

* Hypertension

* Diabetes mellitus

* Obesity (especialy central)

o Lifestyle—diet, physical activity, psychosocial
factors, acohol

» Homocysteine and C-reactive protein (CRP)

Some risk factors are modifiable, such as smoking
habit, alcohol intake, lifestyle, and biochemical
and physiological characteristics. Other personal
characteristics, such as age, gender, and family
history of early onset of CHD, are nonmodifiable.
Countries with high rates of heart disease in men
also have higher rates in women; and conversely,
low rates in men correspond to low rates in women
(fig. 8-1). In developed countries, death rates for
CHD in women aged 35-74 are decreasing (fig.
8-2); in contrast, rates are static or increasing in
developing and eastern European countries.
Women appear to be protected from CHD espe-
cialy at younger ages, and it has been postulated
that sex-specific hormones may be implicated.?
Data from the Framingham Heart Study® reveal
that the risk of CHD in an asymptomatic woman
who has both elevated systolic blood pressure and
smokes cigarettes is significantly less than the risk



Ficure 8-1

Age-Adjusted Death Rates* for Coronary Heart Disease

by Country and Sex, Aged 35-74, 1996

Female

Male

HUN (95)
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sco

IRE (95)
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NZE (94)
DEN? (93)
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NTH (95)
GRE

ITA (93)
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SWI (94)
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SPA (95)

FRA (95)

JPN (94)

400
Deaths/100,000 Population

200

* Age adjusted to European Standard.

[Data for 1996 unless otherwise noted in parentheses.

T Eighth revisions of the ICD.

in aman of the same age. This applies to women
and men at younger ages (age 50) but the differ-
ences between women and men no longer apply at
older age (beyond the age of 80).* Established
major modifiable risk factors for CHD in women,
based on prospective studies, include raised total
cholesterol (or LDL cholesterol), low high density

200

N
o
o

600

lipoprotein (HDL) cholesterol, high blood pres-
sure, cigarette smoking, diabetes, obesity, and
physical inactivity. High triglycerides, raised
Lp(a), and raised fibrinogen levels are aso consid-
ered to be mgjor risk factors by some authorities.
The modifiable risk factors shown to be of cardio-
vascular benefit in randomized trials include
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FIGURE 8-2

Change in Age-Adjusted Death Rates* for Coronary Heart Disease
in Females by Country, Aged 35-74, 1986-1996"
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** Based on alog linear regression of the actual rates.
OData for 1996 unless otherwise noted in parentheses.
1 Eighth revisions of the ICD.

reduction of blood pressure and blood cholesterol. with a positive family history of CHD:® in

Many studies have not included sufficient numbers menopausal women increasing levels of homocys-
of women to detect gender-specific differences. teine are associated with an increased risk of
Factors such as homocysteine have clearly been CVD.” More data are required before conclusions
identified as arisk factor in men,® and recent data can be made about this and other postulated “new”
suggest that higher homocysteine levels are risk factors, such as CRP levels.

observed among both male and female children
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2.1 Dyslipidemia

There is a strong graded positive association
between plasmatotal cholesterol (or LDL choles-
terol) and risk of CHD events in middle-aged

(< 65 years) and older (> 65 years) women, but the
strength of the association diminishes with age.®
Although the general level of CHD risk islower in
women than in men, the association with total cho-
lesterol remains powerful. Treatment of elevated
total and LDL cholesterol in women has been
shown to reduce CHD risk.° A low level of HDL
cholesterol isarisk factor for CHD in both
younger and older women.* Hypertriglyceridemia
may be a more reliable risk factor for CHD in
menopausal women than in men.* Lp(a) is
associated with an increased risk of CHD®*

and is probably a determinant of CHD in both
premenopausal and postmenopausal women.*

2.2 Cigarette Smoking

There is overwhelming evidence for an adverse
effect of smoking on the risk of CHD and other
vascular disease in women and men. The adverse
effect of smoking cigarettes is dependent on both
the daily amount smoked and the duration of ciga-
rette smoking. However, the evidence derives from
multiple observational studies rather than clinical
trials.*” The detrimental effects of cigarette smok-
ing on CHD may be even more pronounced in

stroke.? Treatment of older women in the Systolic
Hypertension in the Elderly Program (SHEP) tria
demonstrated a 25 percent reduction in CHD and a
36 percent reduction in stroke in both women and
men combined,” as well as decreased late occur-
rence of heart failure In a meta-analysis of the
trials, the greatest benefit of control of blood pres-
sure of the trialsisin subjects at high combined
overal risk. Following a M| for example, elevated
blood pressure is associated with an increased risk
of reinfarction and death.*

2.4 Diabetes Mellitus
Diabetes mellitus is an important risk factor for
CVD in women.? It negates the female sex-related
differencesin CHD prevalence, and diabetic women
have as high arisk of M| as nondiabetic women
with a previous M1.%% Data from the Framingham
Study show that for subjects aged 50-59 years,
diabetes mellitus was a greater risk factor in women
compared to men.” Even when corrections are
made for other established risk factors, diabetesis
associated with more than double the risk of CHD
compared with women without diabetes.* Elderly
women have arelatively high incidence of diabetes,
contributing to a higher CVD risk. There are many
reasons why a diabetic woman is at excess risk.
She has dydipidemia with lower HDL cholesterol,
elevated triglyceride levels, and more atherogenic
(oxidized) LDL.%
Treatment of elevated LDL

women. In Europe, the impact of cigarette smok-
ing on the risk of CHD is smaller in Mediterranean
populations than in the northern European popula
tion.”® Dietary factors probably explain this differ-
ence in the effects of cigarette smoking.

o There is overwhelming
in diabetics reduces CHD

risk.2=t Other factors
include abnormalities of
coagulation and fibrinolysis
as well as abnormalities of
platelet function. Endothelidl
cell dysfunction has also
been shown in diabetics.®

evidence for an adverse
effect of smoking on
the risk of CHD and

2.3 Hypertension other vascular disease
There is a strong association between high levels
of blood pressure, both systolic and diastolic, and
the risk of CHD in both women and men.*
Isolated systolic hypertension is particularly
important in older women as it affects up to a one-
third of women older than 65 years and is associat-

ed with asignificant increase in risk of CHD and

in women and men.

2.5 Obesity

In the Third National Health and Nutrition
Examination Survey (NHANES I11), 55 percent of
the adult female American population was classi-
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fied as overweight or obese.® The cardiovascular
health burden of obesity includes a strong predis-
position to both type 2 diabetes and to hyperten-
sion. The prevalence of these conditions in the
presence of obesity isincreased by twelvefold and
fivefold respectively, in women younger than 55
years.* Although there remains no causal evidence
for the relationship between a sedentary lifestyle 2.6.1 Diet
and obesity, the association between the two fac- Diet is an important determi-
torsis strong.® In afemale twin study, twins dis- nant of CHD risk both in
cordant for intensity of physical activity displayed women and in men.
significant differencesin total and central body Epidemiological studies show
fat.* In that study, physical activity was the that diets low in saturated fat
strongest predictor of total body fat, even after and high in fruits, vegetables,
accounting for age, diet, smoking, and HRT. In an whole grains, and fiber are
18-month randomized behavioral study of seden- associated with a reduction in
tary obese women, there was a dose response the risk of CHD. Consistent with early metabolic
effect of exercise duration on weight 10ss.* Women feeding studies, recent epidemiological studies
who were given access to home exercise equip- suggest that replacing saturated and trans-unsatu-
——  Ment showed the greatest weight rated fats with unhydrogenated monounsaturated

Diabetes mellitus  |0ss and maintained significantly and polyunsaturated fats may be more effective in
greater exercise duration at the preventing CHD in women than in reducing total

completion of the trial. HRT fat intake.* Clinical trials have shown reductions
decreased central abdominal fat in a in CHD events or angiographic outcomes for a

include diet, physical activity, psychosocial fac-
tors, and excessive acohol intake. There appears
to be a synergistic effect of lifestyle readjustments,
such as the combination of diet, exercise and absti-
nence from smoking, in the primary prevention of
CHD in women.®

———
The use of alcohol
has a U-shaped
relationship with
regard to the risk
of CHD.

is an important
risk factor for

CVD in women.

women with type 2 diabetes.*

Obesity in women is a complex metabolic disorder
with strong genetic components. The peroxisome
proliferator-activated receptors (PPARS) consist of
three receptors a, 3, and y. PPAR-y is expressed in
adipose tissue. It has recently been shown that two
polymorphisms in the PPAR-y gene are associated
with severe overweight among obese women.* The
exact mechanisms by which the PPAR-y variant
affects adipose tissue mass are not known. Changes
in the activity or structure of the PPAR genein
vivo may result in changes in expression of target
genes in differentiating cells. Alterationsin
adipocyte differentiation may then lead to obesity.

2.6 Lifestyle
A number of lifestyle factors (other than cigarette
smoking) have been implicated in CHD. These
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diets,” diets low in saturated fat and high in
polyunsaturated fat,”“* a Mediterranean diet high
in oleic acid and w-3 fatty acids,® and dietsrichin
antioxidant fruits, vegetables, and legumes.* The
effect of food supplements such as vitamins B6,
B12, and folate, as well as flavonoids and soy
isoflavones, require further investigation in clinical
trials before firm conclusions can be made about
their potential to favorably affect cardiovascular
outcomes in healthy women and those with estab-
lished CHD.

2.6.2 Physical Activity

Diet alone failed to lower LDL cholesteral levels
in women with high-risk lipoprotein levels who
did not engage in aerobic exercise. A combination
of the NHLBI's National Cholesterol Education
Program (NCEP) Step |1 Diet plus exercise benefi-
cially reduced LDL cholesterol compared with the



diet alone.® The Lifestyle Heart Trial showed that
intensive lifestyle changes in both women and

men with severe CHD resulted in regression of
coronary atherosclerosis at both 1 and 5 years.

The benefit was greater at 5 years.® In a cohort of
women after coronary bypass surgery, depressed
women (comprising 23 percent of the entire
cohort) not only improved their mental health in
response to aformal rehabilitation program but also
lost more weight and increased their HDL levelsto
agreater degree than the nondepressed patients.*
This study confirms that the benefits of an exercise
program extend beyond weight reduction and fit-
ness to include psychosocia and even risk factor
modification. In arecent report from the Nurses
Health Study, brisk walking, as compared with
vigorous walking, was associated with a similar
and substantial reduction in the incidence of
coronary events among women aged 40-60 years.”

2.6.3 Psychosocial Factors

Psychosocial factors, such as anger and hostility,
are positive predictive factors for an increase in
intimal medial thickness of the carotid arteries
over a 10-year period; this may be predictive of
early atheroma development.® In a Swedish study,
lack of social support contributed to the severity of
CAD in women, independent of standard risk fac-
tors. % Hostile attributes, fasting insulin level, and
weight gain in mid-life, may contribute to the
development of visceral adipose tissue in healthy
menopausal women, which may then lead to the
increase in risk of CHD. Socioeconomic status had
an independent association with factor V11 level,
suggesting an increase in thrombotic tendency.™

2.6.4 Alcohol Intake

The use of alcohol has a U-shaped relationship
with regard to the risk of CHD. Nondrinkers have
ahigher risk than moderate drinkers (10-30 g
ethanol daily), but the risk increases with increas-
ing alcohol consumption.® Importantly, alcohoal
intake in women may also be related to an increase
in blood pressure and risk of breast cancer.®

2.7 Homocysteine and C-Reactive Protein
Increasing levels of homocysteine are associated
with an increased risk of CVD in postmenopausal
women.” Homocysteine has been shown to damage
vascular endothelia cells, which may contribute to
a consequent increase in the tendency to thrombo-
sis. One study* demonstrated low plasma homo-
cysteine levels in premenopausal women compared
with high values in postmenopausal women, sug-
gesting a close relationship between homocysteine
metabolism and estrogen status. Severa other
studies demonstrated that HRT decreases homo-
cysteine levels in postmenopausal women.>** In
some reports, this effect was found especialy in
women with initially elevated pre-treatment homo-
cysteine values. Although recent data on vitamin B
administration (as a potent homocysteine lowering
drug) are promising, randomized clinical trials are
needed to investigate whether decreasing plasma
homocysteine levels by any means will result in a
reduction of CVD risk in women.

With the recognition that atherosclerosisis an
inflammatory process, several plasma markers of
inflammation have been evaluated as potential tools
for prediction of the risk of CHD. CRP appearsto be
apotent predictor of the risk of coronary eventsin
postmenopausal women.®* Adding CRPto lipid
screening may provide an improved method of
identifying women at risk for coronary events. A

guide to risk reduction for
women is given in the American )
Heart Association (AHA)/ Changes in vascular

American College of Cardiology
(ACC) Scientific Statement:
“Consensus Panel Statement.
Guide to Preventive Cardiology
for Women” (table 8-1).¢

function directly
attributable to
menopause are

difficult to identify.

2.8 Gender Differences in
Atherosclerotic Plaque

Endothelia erosion and plaque rupture are regard-
ed as sequelae of an inflammatory process involv-
ing activated macrophages and their response to

oxidized LDL within the intima of the vessel wall.
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physiological
evidence supporting
an important role of
HRT in the modulation

of vascular function.

Interesting differences in atherosclerotic plaque
morphology between men and women have been
reported. In a study of 113 cases of sudden death
dueto MI in men, 59 men had culprit thrombotic
lesions, 69 percent of the lesions were due to ath-
erosclerotic plague rupture, and 31 percent were
due to endothelial erosion.® Thisisin marked con-
trast to a study in women, which showed that 69
percent of the thrombi were associated with
endothelial erosion.® These eroded plagues were
characterized by smooth muscle cells and proteo-
glycans rather than lipid-laden macrophages. These
data suggest that gender may influence plagque
morphology, which may allow the development of
gender-specific therapy in the future.

3. MENOPAUSE AND

VASCULAR FUNCTION
Changes in vascular function directly attributable to
menopause are difficult to identify. Most studies
have found little change in blood pressure associated
with the menopause.*% Healthy cohort studies sug-
gest a change in endothelial function at approximate-
ly the appropriate age for the menopause to have an
effect.”* Thisis supported by a study which suggests
that menopause is associated with an impairment in
endothelid function, evenin
hypertensive women.®

Extensive concordant  \whether these changes are

due entirely to menopause or
aging is not definite, as there
have been no longitudina
studies to examine this ques-
tion in detail. A recent review
discusses menopause and
vascular and ventricular

function in depth.”™

3.1 Hormone Replacement Therapy and
Cardiovascular Function

There is extensive concordant physiological evi-
dence supporting an important role of HRT in the
modulation of vascular function. Thisis particular-
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ly true in acute and chronic arterial endothelium-
dependent effects, both in the periphery and in the
coronary arteries. Apart from effects on respon-
siveness, arterial structural remodeling changes
due to estrogen are suggested by animal models
but have not been universally supported by large
human cross-sectional studies. Clinical studies of
aortic compliance have also led to inconsistent
results. Studies of ventricular function are till lim-
ited and do not alow definitive conclusions. A
consistent problem is the lack of prospective stud-
ies. Interpretation of studies which suggested a
positive effect of HRT is limited by relatively
small numbers and nonrandomized or unblinded
designs.

3.2 Hormones and the Vessel Wall

A range of alternate mechanisms explaining the
nonlipid-related cardiovascular benefit attributable
to HRT have been proposed, particularly effects of
hormones on the arterial wall. These actions are
varied and include induction of endothelial prosta-
cyclin,™ improvement or restoration of endothelial
function,” NO release,*™ attenuation of endothe-
lin effect™ and production,” calcium blockade,®”
direct effects on vascular depolarization® and
smooth muscle relaxation,® and modulation of
autonomic function.® Early reports of increasesin
renin or renin substrate may have been related to
the higher estrogen doses used previously,® as
recent work suggests that ERT is associated with
decreased plasma renin substrate.®

A common endpoint of many estrogen actions,
suggesting a beneficial effect, involves arterial
vasodilatation. Systemic vasodilatation due to HRT
has been associated with increased cardiac output
and diminished systemic vascular resistance, both
in experimental animals and in humans.®
Coronary vascular reactivity has also been used as
a surrogate marker for beneficia cardiovascular
effect. Numerous studies have shown improvement
in coronary diameter in response to estrogen,®
particularly in the presence of atherosclerotic dis-



ease. Clinical studies have aso shown decreasesin
exercise induced myocardial ischemiawhich may
be due either to improved hemodynamics or direct
coronary vasomotion.©

It has been suggested that the mechanism of estrogen
action may vary according to the concentration of
estrogen, with low concentrations relying on induc-
tion of NO release from the endothelium and higher
concentrations being associated with smooth muscle
relaxation and, therefore, endothelium-independent
mechanisms.® A number of studies have confirmed
improved endothelial function in postmenopausal
women receiving HRT, both estrogen alone’? and
estrogen in combination with progesterone.®

The mechanisms by which estrogen alters vascular
function have received extensive study, and the
molecular mechanisms of its actions have recently
been reviewed. (See also ch. 5.)* ERa isfound on
vascular smooth muscle cells* as well as endothe-
lia cells.* Estrogen has also recently been shown
to have nongenomic activity via ERa on the cell
surface,” helping to explain acute vascular effects
of estrogen found in numerous studies. The acute
rapid ER-dependent but nongenomic actions result
from activation of the MAPK cellular signaling
pathway in a number of different cells.® The other
known ER, ER[, has been suggested to explain
estrogenic action on both vascular smooth muscle
and endothelid cell activity in ERa-deficient mice®

Apart from estrogen, other sex hormones have sig-
nificant vascular effects. Because estrogen is pre-
scribed in combination with a progestin in women
with an intact uterus, recent work has examined
the modulating effect that this might have on car-
diovascular function. Importantly, while the bene-
ficia fibrinolytic*® and lipid effects*™ of estrogen
do not appear to be impaired with concurrent
medroxyprogesterone use, experimental’® and clin-
ical studies™ show how beneficial vascular effects
of estrogen can be reversed by MPA. If further
substantiated, these findings could be important in
understanding results of some recently published

studies, such as the HERS,** the first large trial
conducted in postmenopausal women with CHD.
(See sec. 4.2 below.) The effects of ERA™™ also
showed no benefit either from estrogen or estrogen
plus progestin in an angiographic study.

3.3 Selective Estrogen
Receptor Modulators

SERMs have been devel oped
to avoid the potential harm-
ful effects of estrogen on a
number of tissues, including
the breast and uterus. They
appear to share the beneficia
effects of estrogen on bone
and lipids but are not associ-
ated with an increased risk of
breast or uterine carcinoma,

SERMs have been

and uterus.

developed to avoid
the potential harmful
effects of estrogen on
a number of tissues,

including the breast

with the exception of tamox-
ifen, which increases endometrial cancer risk in
women aged 50 years or older.*® The possibility of
abeneficia effect of SERMs on the cardiovascular
system isintriguing. SERMs, such as raloxifene,
have effects on both ERa and ER[, which may be
important in its vascular actions.*® It is possible
that SERMs may significantly contribute to the
improvement of women's health in this century.™
Evidence is emerging that the newer SERMs may
have effects on cardiovascular and other systems
which may contribute to improvement in vascular
health and function. Research over the next 5 to 10
years may provide definitive data as to whether the
newer SERMs will provide cardioprotection in
postmenopausal women.

3.3.1 Effects of SERMs on the Vasculature
SERMs may have beneficia effects on the cardio-
vascular system in away similar to estrogen.
Randomized studies with cardiovascular endpoints
arein progress.

3.3.2 Effects of SERMs on Serum Lipids and
Myocardial Infarction

Studies investigating the effects of SERMs on
serum lipids and lipoproteins have demonstrated
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on blood pressure

similar effectsin both patients with breast cancer
and healthy women. The SERMs tamoxifen and
raloxifene reduce total cholesterol, LDL choles-
terol, and Lp(a).***° These changesin lipid profile
may be clinically favorable with regard to the inci-
dence of CVD.*** Data from randomized breast
cancer clinical trials suggested that tamoxifen may
be of benefit in protecting women from MI. Three
adjuvant trials show a reduction of cardiac morbid-
ity in patients with low risk of death from breast
cancer when treated with tamoxifen,**** although
none of them had been designed for this purpose.
The results of a cardiovascular endpoint study—
RUTH (Raoxifene Use for The Heart)—will test
whether raloxifene HCI (60 mg/day), compared
with placebo, will reduce the combined endpoint
of non-fatal MI, CHD death, and hospitalized
unstable angina other than M| (primary outcome)
in postmenopausal women at high risk of cardiac
events.s A co-primary endpoint of invasive breast
cancer incidence has been added to the primary
endpoint.

3.3.3 SERMs and Vascular Reactivity

There are few data on the effect
of SERMs on the vasculature in
humans. One report has shown a
beneficia effect of droloxifene
on brachia flow-mediated dilata-
tion. Two conflicting reports have
been published regarding the
hormone regimen effect of raloxifene on atheroscle-
rosis, one showing no effect in
ovariectomized cynomolgus mon-
keys,2 the other showing benefi-
cia effectsin sexually mature
female rabbits.™” The effects of
raloxifene on coronary artery

The PEPI trial
confirmed that
there was no

effect of any

in normotensive
postmenopausal

women.

vasoreactivity in vitro showed
significant dose-dependent relaxation of coronary
arterial rings with endothelium by an endothelium-
and NO mediated effect.™

156

3.4 Phytoestrogens
It has been suggested that phytoestrogens represent
a“natural SERM.” Genistein has approximately
only 4 percent of estrogen’s affinity for ERa, but
more than 80 percent of estrogen’s affinity for
ERB.106 This marked dif- T —
ference may contribute to
the conflicting findings
on controlling

Cross-sectional data

show that as women

menopausal symp- age they gain body
toms*= The ERB activ- \yaight, their blood
ity appears to be suffi-

cient in in vitro studies to pressure rises, and

inhibit smooth muscle
cell proliferation and
migration compared with

their levels of serum

LDL increase.

17(3-estradiol . At least
one study has shown that supplemental isoflavones
may improve arterial stiffness in postmenopausal
women.*? A number of phytoestrogens, including
genistein and daidzein, have calcium antagonistic
properties in experimental coronary studies.

3.5 Hormone Replacement Therapy and
Hypertension

Because hypertension is so prevalent in
menopausal women and even low-dose contracep-
tive pills continue to be associated with excess
hypertension,* there has been controversy over
whether HRT may be beneficial or detrimental .’
While most studies do not show an increase in
blood pressure in response to HRT, %1% gccasional
patients have idiosyncratic increases in blood pres-
sure in response to estrogen.#% This may be related
to excessive renin activation in these subjects.”
Most case reports date from an era of higher estro-
gen dose, and it may be that current regimens
would not incite such aresponse. A recent study
using a current HRT regimen found, in general, a
decrease in plasma renin substrate associated with
treatment.® It has also been recognized that the type
and dose of supplemental estrogen may be impor-
tant in determining blood pressure response.’® A
well conducted crossover study of two doses of



estrogen found a small, but significant, decrease in
systolic and diastolic blood pressure largely due to
aprominent fall in peripheral resistance.*® Results
from the PEPI trial confirmed that there was no
effect of any hormone regimen on blood pressure
in normotensive postmenopausal women.'?

4. THE MENOPAUSE AND CORONARY
Risk FACTORS

Cross-sectional data show that as women age they
gain body weight, their blood pressure rises, and
their levels of serum LDL increase,** with little
change in triglycerides and a slight reduction in
HDL cholesterol.* Other blood factors such as
serum fibrinogen and plasminogen activator
inhibitor (PAl), which are powerful predictors of
CHD in women and men are significantly
increased in older women.** Abnormal glucose
metabolism is more common in older women, with
some reports showing approximately 30-percent
reduction in insulin sensitivity.** Older post-
menopausal women are more likely to have
endothelial dysfunction,® which contributes to an
impairment of vascular function and may syner-
gize with the adversely atered lipid metabolism
and decreased fibrinolytic tendency. These factors
may collectively contribute to the increased inci-
dence of CHD in older women.

It is not clear whether the adverse changesin risk
factors are an age effect or are due to lowered
estrogen levels as women go through the menopause.
Cohort studies following women as they approach
and pass through the menopause have yielded con-
flicting results, especialy in regard to HDL choles-
terol. Some concluded that the menopause is not
associated with change in HDL cholesterol, while
others concluded that the menopause is associated
with adecline in HDL levels.**** The most recent
of these studies found an unexplained rise in HDL
cholesterol prior to the FMP, followed by a decline
thereafter; thus, there was no net effect.”* The
levels of HDL cholesterol 3 years before the

menopause were identical to those 3 years after
menopause. All other changes in the risk factors
measured, including body weight, blood pressure,
LDL cholesterol, and triglycerides, were related
either to increasing age or to a simultaneous
change in one of the other risk factors (in particu-
lar, increases in body weight).

4.1 The Effect of Hormone Replacement
Therapy on Risk Factors

4.1.1 Lipids
Many studies have shown that that HRT lowers total
cholesterol irrespective of the type or route of
administration.*"* The LDL cholesterol-lowering
activity of estrogen occurs by an up regulation of
apolipoprotein-B—100 receptors. HDL cholesterol
increases, particularly the HDL, subfraction, by an
inhibition of hepatic lipase activity.** Although
transdermal estrogen has a similar effect on LDL
cholesteral, it has aless-marked effect on HDL cho-
lesteral levels because of alack of the first-pass
liver effect. Oral estrogen decreases LDL choles-
terol by about 10-15 percent, increases HDL cho-
lesterol by 10-15 percent, increases triglycerides by
20-25 percent, and decreases
Lp(a) by about 20 percent.®
The type and route of admin-
istration of estrogen are more
important for its effects on
plasma triglycerides than they
are for its effects on choles-
terol. While CEEsresult ina
25-percent increase in triglyc-
erides, transdermal estrogen
either has no effect or
decreases triglycerides.

Observational studies
comparing current
hormone users with

non-users have
shown consistent
reductions in CHD

risk of 35-50 percent.

Progestogens have differing effects on lipids and
lipoproteins, dependent on the androgenicity of the
particular agent. Testosterone-derived progestins
reverse the HDL-increasing effect of estrogen'®
because of an increase in hepatic lipase activity.
The less androgenic C-21 progestins do not impair
the estrogen-induced increase in HDL cholesteral
to any great degree. Androgenic progestins result in

157



Standard prevention

in women as in men.

alowering of triglycerides,** and the more andro-
genic steroids lower Lp(a) by approximately 20 per-
cent.*+*2 This effect could prove beneficia as Lp(a)
may be an independent risk factor for CHD in
women.* Recent evidence from HERS suggests that
Lp(a) is an independent risk factor for recurrent
CHD events.* In the placebo arm of the study,
women in the second, third, and fourth quartiles of
Lp(a) levels had increased relative hazards com-
pared with the lowest quartile. Treatment with HRT
significantly reduced Lp(a) levels compared with
placebo. In arandomized subgroup comparison,
women with higher baseline Lp(a) levels had aless
adverse-trend during the first year and more benefit
thereafter.

4.1.2 Inflammatory Factors

Two studies of oral CEEs plus or minus MPA or
progesterone have shown rapid increases in the
concentration of the inflammatory factor CRP
and a reduction in the concentration of soluble
E-selectin.** In a cross-
sectiona study, CRP
levels were increased in

therapies, including lipid  postmenopausal women
lowering, are as effective  ta&king HRT,**and in

postmenopausa women
exposed to short-term

HRT of either oral estro-
gen or estrogen sequentially combined with a
progestin.** In another prospective randomized
controlled study of oral 173-estradiol combined
with 5 or 10 mg of dydrogesterone, there was a 15-
percent decrease in plasma levels of endothelin-1,
a 21-percent decrease in soluble thrombomodulin,
and a 14-percent decrease in von Willebrand fac-
tor.**® These changes were observed at 3 months
and sustained after 15 months. It is possible that
the increase in CRPis due to first pass effect on
hepatic synthesis of the protein, while the decrease
in markers of endothelia function and other
inflammatory markers is due to direct vascular
effects. It is unclear whether estrogen increases or
decreases vascular inflammation or whether differ-
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ent forms, doses, and routes of administration have
different effects on vessel physiology. One poten-
tial mechanism by which there may be an early
adverse effect (such as that found in the HERS
trial) followed by alater favorable effect is
through effects on matrix metalloproteinases
(MMP).*" Preliminary reports indicate that
MMP=9 is increased markedly by estrogen and
may play arole in the destabilization of vulnerable
plaques, thus precipitating a clinical event.
However, over the long term, MMP-9 may help
keep vessels compliant asit may play arolein
removing excess connective tissue. Monocyte
activation is associated with atheromatous plague
disruption and acute coronary syndromes (ACS).
Increased serum concentration of neopterin, a
pterydine derivative secreted by macrophages
after stimulation by interferon-gamma, has been
observed in patients with ACS as compared with
control subjects and patients with stable angina
pectoris.*® Women with unstable angina have
significantly higher neopterin concentrations than
women with chronic stable angina. Neopterin con-
centrations may be a marker of risk in women with
CHD.* HRT has also been shown to significantly
reduce the levels of the cell adhesion molecules
E-selectin, intracellular adhesion molecule 1
(ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1) with similar magnitude of reduction
from placebo values in women on CEE alone
compared with women on combination HRT.*®

4.1.3 The Effect of Hormone Replacement
Therapy Combined With Other Lipid-
Lowering Agents

A number of studies have recently reported the
effects of a combination of statin and HRT on
serum lipid levels in menopausal women,s:-1%

One study also assessed the vascular effects of this
combination in hypercholesterolemic post-
menopausal women.* The studies investigated the
effect of differing doses of CEEsS, either alone or
combined with MPA, and compared the lipid-low-
ering effects to simvastatin or pravastatin.



Overdl, these studies show that oral CEESs plus
MPA in combination with a statin is complemen-
tary, in that the statins are better at lowering LDL
cholesterol levels, the hormones are better at rais-
ing HDL cholesterol levels, and the effects on
triglycerides cancel each other: thus the combination
yields the most optimal lipid profile. The combina-
tion is only modestly additive, that is, hormones
add little to the LDL-lowering effect of statins, and
statins add only modestly to the HDL-raising
effect of hormones. Hormones reduce Lp(a) levels,
while statins do not. No studies have yet been pub-
lished comparing other types and routes of admin-
istration of HRT combined with a statin.

In one study,™* 28 women were randomized to
continuous equine estrogen (0.625 mg daily), sim-
vastatin 10 mg, and their combination daily for 6
weeks. As shown in the previous studies, al thera-
pies lowered total and LDL cholesterol levels from
baseline, with a greater effect on LDL cholesterol
from simvastatin and from the combination of
HRT and simvastatin. This study also assessed the
vascular effects of this therapy; flow mediated
dilatation of the brachial artery improved on CEE,
simvastatin, and continuous equine estrogen com-
bined with simvastatin, and this was similar among
the therapies. Only therapies including CEE low-
ered levels of PAI-1 and the cell adhesion mole-
cule E-selectin. Only therapies including estrogen
improved markers of fibrinolysis and vascular
inflammation. Thus, it may be that such a combi-
nation will be synergistic in vascular protection.

4.1.4 Coagulation Factors

The effects on coagulation factors are complicated,
diverse, and contradictory. For example, lowering
of fibrinogen and PAI-l could be counterbal anced
by increases in factor VIl and decreases in
antithrombin 111. In general, it appears that estro-
gen is procoagulant but, at the same time, profibri-
nolytic.™® The net effect is likely to be procoagu-
lant, as evidenced by the observational studies and
the HERS clinical trial (see elsewhere). However,

the net effect of estrogen on coagulation can
depend on the form of estrogen used and on the
dose, route, and duration of therapy. There may be
critical differences between ora and transdermal
delivery of estrogen. In contrast to oral administra-
tion, transdermal estrogen does not result in any
measurable perturbation of coagulation factors.**

4.2 Hormone Use and Prevention of CHD Risk
Observational studies comparing current hormone
users with non-users have shown consistent reduc-
tionsin CHD risk of 35-50 percent. In the Nurses
Health Study, the risk reduction was seen at the
most commonly used dose of CEEs (0.625
mg/day).”” There appeared to be a similar risk
reduction at the lower dose of 0.3 mg/day, but this
was not statistically significant. At higher doses,
there was no apparent benefit. The findings from
these observationa studies have been important in
promoting the belief that HRT prevents CHD.
However, the findings have to be viewed with cau-
tion because several
sources of potential bias
could result in an over-
estimation of potential
benefits and an underes-
timation of risks, %%
These biases include
that women who elect to
take hormones are
healthier, and those that
remain on hormones for
many years are by defi-
nition good compliers
and are under medical
surveillance. (See dso
ch. 4 for biasesin sam-

Women are approximately
half as likely as men to
receive known beneficial
therapies, such as beta-
blocking agents, aspirin,
thrombolysis, acute
cardiac catheterization,
percutaneous transluminal
coronary angioplasty

(PTCA), or bypass surgery.

pling.) Thus, they would

be taking other steps to improve their health, and
early detection and treatment of risk factors would
also reduce disease risk. Furthermore, women who
stop therapy often do so because of the develop-
ment of a health condition; thus those who remain
on therapy are the healthy survivors. These biases
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may account for a substantial proportion (or all) of
the apparent CHD risk reduction.

The information on the effects of hormones on
lipids and markers of vascular function must be
seen in the light of one very important fact: no
clinical trial has yet shown a beneficial effect on
any CVD. To the contrary, al the evidence to date
suggests a harmful effect, at least in the first years
of taking HRT. With the exception of the pooled
data from a number of small short-term studies,*®
the clinical trials have all been in the area of sec-
ondary prevention. In men with CHD given higher
doses of estrogen, the trials were stopped early for
safety reasons after there was a higher rate of car-
diovascular events in the treatment group than in
the control group.*® In HERS, women assigned to
daily oral CEE plus MPA also experienced a higher
rate of CHD events versus placebo in the first year,
with no difference in the second year and with a

Gender remains
a significant
independent
predictor of
death after
adjusting for

other risk
factors, such
as older age,
diabetes, and
hypertension

following PTCA.

trend toward decreased risk in the
treatment group in the final 2 years.
Over the entire 4.1-year study period,
there was no difference between the
groups. A reanalysis of the Nurses
Health Study observational data for
women with prior heart disease dis-
closed a similar pattern of early risk
followed by apparent benefit. The
first placebo-controlled angiographic
trial of estrogen or estrogen plus
progestin also failed to show benefit
in women with CHD.** Transdermal
estrogen and progestin also failed to
show benefit in a preliminary report
of arandomized tria in women with
CHD.** No clinicd tria dataon the
role of HRT in primary prevention
are available yet, but at least two

large studies testing both estrogen and estrogen plus
progestin are being conducted.* (WHI and the
Women's International Study of Long Duration
Oestrogen After Menopause (WISDOM)). The first
of these, the large WHI trial of HRT in the United
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States, includes women predominantly without
prior CVD and has arms testing daily CEE aone
and CEEs with MPA versus placebo. All WHI par-
ticipants were informed of an increased risk associ-
ated with active treatment for each of heart attacks,
strokes, and blood clots in the legs and lungs dur-
ing the first 2 years after enrollment.*® The vast
majority (> 90 percent) of participants did not have
prior CVD, and the subgroup with prior disease did
not account alone for the findings. Over time, the
differences between the active treatment and place-
bo groups seemed to become smaller. Thetrial is
continuing (estimated followup of 9 years) in order
to assess long-term benefits and risk of HRT. There
isaneed for aclinical trial of transdermal estro-
gen, which may have less thrombotic potential than
oral estrogen.

4.3 Statin Use in Women and Reduction of CHD
Since evidence for a protective effect of estrogen is
currently lacking, it is encouraging that the stan-
dard prevention therapies, including lipid lowering,
are as effective in women as in men. Thisis not
surprising since the RRs associated with blood
lipids are the same in middle-aged women asin
men.® One difference worth noting is that a combi-
nation of metabolic risk factors may occur more
frequently in women and may account for a higher
proportion of the CHD burden than in men.** For
lipid lowering, the pooled data from the major
statin trials show that women had a 29-percent (Cl
13-42 percent) risk reduction, similar to the 31
percent (Cl 26-35 percent) found in men.® From
these data it has been calculated that 31 women
and 27 men have to be treated to prevent 1 major
coronary event. A gender bias does exist even in
the statin trials that have been reported.*® In the
secondary prevention trials conducted, 31,683
patients were randomized with a combined mean
age of 58.1 years, and only 23 percent of the trial
population were women. The figures are even
worse for primary prevention: in the four primary
prevention trials published, only 10 percent of the
study population, out of atotal of 14,557 subjects,



were women. It can be concluded that extrapola-
tion of evidence from these trials to older people
and women requires further evaluation.

4.4 Other Prevention Therapies in Women
Similar to the lipid-lowering trials, CHD prevention
through treatment of hypertension is as effectivein
women as in men, and ACE inhibitors are as effec-
tive in preventing CHD in women as in men. =%
In the recently published Heart Outcomes Prevention
Evaluation (HOPE) study, 2,480 women were
enrolled as a part of larger study to determine the
effect of the ACE inhibitor ramipril (10 mg once
daily oraly) versus placebo.”® The study investigat-
ed the effect of this therapy over a 5-year period on
the risk of the composite endpoint: Ml, stroke, or
death from cardiovascular causes. The study partic-
ipants were patients at high risk for cardiovascular
events with a mean age of 66 years an without left
ventricular dysfunction or heart failure. Ramipril
decreased the risk of the primary outcome signifi-
cantly in women as well as men. There was also a
significant decrease in secondary outcomes, such as
revascularization and hospitalizations for heart fail-
ure. The novelty of this study is that ramipril signif-
icantly reduced the rates of the primary endpoint in
abroad range of high-risk patients who were not
known to have low gjection fraction or heart fail-
ure. In particular, this beneficial effect was shown
in women with diabetes mellitus. The trialists that
estimated the treatment of 1,000 patients with
ramipril for 4 years prevented about 150 eventsin
approximately 70 patients. Aspirin and beta-block-
ers are also effective for secondary prevention in
women.***™ Thus, although efforts to prevent CHD
in women are successful using the same approaches
asin men, more data are still required.

5. MYOCARDIAL INFARCTION:
PROGNOSIS

Initial evaluation suggests that gender affects the

course of acute M1 in the general population.

However, after adjustment for baseline differences,

the gender disparities in the outcomes become
more uncertain. In a study of 204 consecutive
cases (99 men and 105 women) older than 75
years of age and admitted with the first acute MI,
elderly women experienced a more complicated
hospital course than men. The higher mortality risk
(40 percent versus 23 percent) seemed to be relat-
ed more to the impact of cardiovascular risk fac-
tors on left ventricular function than to gender
itself.* The Framingham Heart Study confirmed a
greater 1-year mortality in women compared with
men (44 percent versus 27 percent).*”® Early hospi-
tal mortality is also greater in women than in men
(16 percent versus 11 percent).*** The larger
placebo-controlled trials, such as the International
Studies of Infarct Survival-1 and -4 (1SIS-1 and
|SIS-4), both suggested an increased short and
long-term mortality in women.*+7 More recent
data from the National Registry of Myocardial
Infarction (NRMI) suggest that, after M1, younger
women (but not older women) have higher rates of
death during hospitalization than do men of the
same age.'™ Data from the Swedish National Acute
Myocardial Infarction Register confirms this
observation.*® Much of the excess mortality seen
in young women in this study was associated with
diabetes mellitus. Some other reasons for these
observations is that women are approximately half
as likely as men to receive known beneficial thera-
pies, such as beta-blocking agents, aspirin, throm-
bolysis, acute cardiac catheterization, percutaneous
transluminal coronary angioplasty (PTCA), or
bypass surgery; however, age probably still plays a
major role in these differences.” Sex differences
in the presentation and outcome of patients with
ACS have been reported in the Global Use of
Strategies To Open Occluded Coronary Arteriesin
Acute Coronary Syndromes (GUSTO Ilb) cohort.*®
In this study, which enrolled 3,662 women, women
had more complications than men during hospital-
ization, had a higher mortality rate at 30 days (6
percent versus 4 percent, p < 0.001), but had simi-
lar rates of reinfarction. It is of interest that among
patients with unstable angina, female sex was
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Despite a similar
prevalence of

heart failure in

with men, women

have largely been
excluded from
clinical trials of

heart failure.

associated with an independent protective effect. It
was concluded from this study that some of the dif-
ferences observed may reflect pathophysiologic

and anatomica differences between men and women.

6. PERCUTANEOUS TRANSLUMINAL
CORONARY ANGIOPLASTY

Most reports suggest that gender remains a signifi-
cant independent predictor of death after adjusting
for other risk factors, such as older age, diabetes,
and hypertension, following percutaneous revascu-
larization. Early studies suggested that women had
agreater risk than men of procedural and postpro-
cedural complications, including death and M| fol-
lowing PTCA .** Women have been found to suffer
more acute vessel closure than men,* possibly
related to their smaller vessel diameter. When acute
closure does occur, women are more likely to die
as a conseguence of this* An important contribu-
tor to higher procedure-related mortality in women
is the greater age and coronary
risk factor profile in women.
Nonetheless, analysis of the
1993-94 NHLBI registry has
shown that despite their greater
risk profile, both clinical success

women compared  and mortality have improved

twofold to threefold in women
undergoing PTCA.** Many of the
reported studies show that sex-
related differencesin mortality
rate after intervention antedate the
use of stents, platelet inhibitors,
and other recent advances in coro-

nary intervention.”® In particular,
intracoronary stent implantation (with optimal
expansion) and ticlopidine have greatly reduced the
incidence of acute vessel closure and significantly
reduced the combined incidence of death, MI, and
urgent revascularization after coronary interven-
tion.* More recently, coronary artery stenting has
become a very important catheter-based interven-
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tion for patients with CHD.**® One-year outcomes
of women with CHD undergoing coronary artery
stenting are similar to those of men.** Thereis,
however, a sex difference in the prognostic value
of baseline characteristics, the strongest being dia-
betes in women. Other efforts at treatment synergy
between intracoronary stenting and platelet I1b-111a
inhibition are encouraging, showing an improve-
ment in clinical outcomes of primary angioplasty
in acute M1 in both men and women.** The combi-
nation of abciximab and stenting was more favor-
able than balloon angioplasty, with improved
angiographic and clinical results at 30 days.
Analysis of the Evaluation of I1b/ll1a Platelet
Inhibitor for Stenting (EPISTENT) data shows that
diabetic women treated with a combination of
coronary stenting and abciximab resulted in asig-
nificant reduction in 1-year rate of death, M| and
target vessel revascularization compared with
stent-placebo or balloon-abciximab therapy.
These recent advances in techniques may have
changed the impact of acute vessel closure asa
cause of death in women. The risk of acute compli-
cations was documented only in women undergo-
ing PTCA for stable angina pectoris and not ACS.
Long-term outcome is similar in the two sexes
once the initial PTCA had been successfully per-
formed.*2 Data from the Primary Angioplasty in
Myocardial Infarction (PAMI) trial suggest that the
two most powerful determinants of freedom from
death, reinfarction, and recurrent ischemia are
young age and treatment by primary angioplasty.*®
Thisinitial benefit of primary angioplasty is main-
tained over a 2-year followup.** Recent reports
from this database would suggest that coronary
stenting provides even greater benefit than balloon
angioplasty in the acute M| setting."* Recent data
provide evidence that in primary PTCA for acute
M1, gender is not an independent predictor of 30-
day and 7-month survival after control for baseline
characteristics. However, mortality was much high-
er in women both at 30-day followup (10 percent
versus 0.9 percent) and during a mean 7-month
followup (15 percent versus 4.4 percent). Women



also experienced more unfavorable cardiovascular
events, such as recurrent unstable angina or acute
M1, and target vessel revascularization than men.**

6.1 Hormone Replacement Therapy and PTCA
Some studies have reported a benefit of outcome
of PTCA in postmenopausal women if they were
already receiving HRT. In a study of 428 patients,
postmenopausal women divided into two groups
based on ERT at the time of the procedure, there
appeared to be protection against clinical coronary
events in those women taking HRT.*" This benefit
appeared to be independent of age, smoking, pres-
ence of diabetes mellitus, or the number of dis-
eased coronary vessels. HRT did not, however,
reduce the repeat revascularization procedures,
suggesting no effect on restenosis.*” One study
suggested a decrease in restenosis in women using
estrogen, which was particularly apparent in
women undergoing atherectomy, an effect which
could relate to this procedure.’* An improved long-
term outcome after PTCA in women on HRT was
also reported by another group.* In this observa
tional study women taking ERT prior to intracoro-
nary stenting had a significantly reduced target
lesion revascularization requirement after a three
year follow up when compared to women not tak-
ing estrogen prior to the procedure. This adds sup-
port to the notion that women should continue
ERT after intervention if they are taking it prior to
the intervention. Overall, HRT appears to be bene-
ficial in women who continue to take it after per-
cutaneous revascul arization procedures; however,
these conclusions are based on observation and
could be confounded by a number of variables.

7. CORONARY ARTERY BYPASS

GRAFT SURGERY
Women undergoing coronary artery bypass graft
(CABG) surgery are, on the whole, older than
males and more frequently have associated risk
factors, such as diabetes and hypertension. They
are also more likely to present with unstable angi-

na consequently, resulting in urgent/emergency
surgery. It is not surprising, therefore, that women
show higher rates of mortality*® and recurrent
angina®* Adverse operative and long-term mortali-
ty was shown in a large study, the National
Cardiac Surgery Database of the Society of
Thoracic Surgeons (STS), which compared out-
comes in more than 97,000 women with those in
250,000 men.®2 |n the Bypass Angioplasty
Revascularization Investigation (BARI) study, a
stable population of 489 women with symptomatic
multivessel CHD was randomized to CABG
surgery or PTCA.*= Although
the age-adjusted mortality rate
suggested that women and men
undergoing these procedures
should have a similar 5-year
mortality, when these were
adjusted for multiple risk fac-
tors, female sex was an indepen-

Women undergoing
CABG surgery
show higher rates
of mortality and

recurrent angina.

dent predictor of improved 5-
year survival after surgery. This was a study of sta-
ble patients and patients, requiring urgent CABG
surgery were excluded, which may have con-
tributed to the

more favorable result.*®

Effective secondary prevention programs do not
appear to be effectively ingtituted in women follow-
ing CABG surgery. After CABG surgery, women
continued to have high cholesteral levels, putting
them at higher risk for future events.® Thisis par-
ticularly important since in women aggressive cho-
lesterol lowering in women delays saphenous vein
graft atherosclerosis and should be recommended to
al women undergoing this procedure.® This obvi-
oudly may contribute to poorer postsurgical survival.

7.1 Quality of Life After CABG Surgery

Women generally report aworse quality of life
after CABG surgery than men. In a study of 212
women who underwent CABG surgery in
1988-1991, quality of life was assessed.?® \Women
were older than men with more concomitant dis-
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eases preoperatively. Quality of life was improved
on all postoperative occasions for both sexes.
Improvement in the physical activity score was
greater in males, although this was not significant.
It appears that the quality of lifeis significantly
improved after CABG surgery in both sexes, and
there appears to be a complex association between
improvement in various aspects of quality of life
and gender.* Women's patterns of exercise follow-
ing cardiac rehabilitation are well below the rec-
ommended guidelines for exercise after cardiac
events.®” In 40 women who had M1 or CABG
surgery, exercise frequency and duration intensity
were measured. In a 3-month study, only 50 per-
cent of the women were still exercising regularly,
suggesting that there is considerable room for
improvement in establishing exercise regimens
after M1 or CABG surgery. Women are less likely
to be referred to rehabilitation.

Despite similar
stroke rates, women
are more likely than

men to die of
stroke, and this is
possibly related to
the age at which
stroke presents.
About 16 percent of
women die of stroke
compared with only

8 percent of men.

8. HEART FAILURE

Despite a similar prevalence of
heart failure in women com-
pared with men,® women have
largely been excluded from
clinica trias of heart failure. As
discussed earlier, women tend
to be older at presentation with
cardiac disease and may fall
outside recruitment guidelines.
Secondly, women are more like-
ly than men to have diastolic
heart failure and may be exclud-
ed when systolic gection frac-
tion isan entry criterion.

Two large studies have reported
improved surviva in women
with heart failure.2*#° Of the

randomized trials with beta-blockers in heart fail-
ure, the U.S. Carvedilol Heart Failure Study group
found a statistically significant reduction in the
number of deaths in both women and men with
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heart failure.®* Other large beta-blocker trials have
not been able to discern a sex-specific mortality
difference?24 In the trials of ACE inhibitorsin
heart failure, the Cooperative North Scandinavian
Enalapril Survival Study (CONSENSUS) did not
show areduction in mortality in women, 56
However, most trials contain such small numbers
of women that they are unable to discern a specific
mortality benefit for women. A meta-analysis of
ACE inhibitor trials has shown a similar survival
benefit for both women and men.?” In the Acute
Infarction Ramipril Efficacy (AIRE) study of
ramipril in patients with post-M|I left ventricular
dysfunction, there was a significant mortality ben-
efit in both sexes.?® Three other studies of ACE
inhibitors in patients with left ventricular dysfunc-
tion after M1 did not show a significant mortality
benefit for women. Again, this may be due to the
relatively small numbers of women included in
these trials. %

9. STROKE

Despite similar stroke rates,? women are more
likely than men to die of stroke, and thisis possi-
bly related to the age at which stroke presents.
About 16 percent of women die of stroke com-
pared with only 8 percent of men.2? Ageisan
important predictor of survival in stroke victims,
and as the incidence of stroke isincreased in older
women, this contributes to the adverse mortality.
The main risk factors for stroke are fairly consis-
tent and nongender dependent. Hypertension prob-
ably is the most important, with diabetes mellitus,
cigarette smoking, CHD, atrial fibrillation, and
transient ischemic attacks comprising the major
other risk factors.® Hypertension is a major risk
factor for stroke, with about a 45-percent increase
in stroke risk for every 8 mmHg increase in dias-
tolic blood pressure.®® Unlike many cardiovascular
trials, hypertension treatment has been definitively
shown to substantially reduce the morbidity and
mortality in women following stroke. Studies such
as the Swedish Trial in Old Patients (STOP) and



SHEP have shown that drug treatment reduces the
incidence of stroke in hypertensive women. '
Current smoking is associated with an increased
risk of stroke, and in the Nurses' Health Study this
increased the RR for ischemic stroke by 2.5.242%
Diabetes mellitus doubles the risk of ischemic
stroke, and also increases the mortality associated
with stroke. Cardiovascular conditions such as
abnormal left ventricular (LV) wall motion,
increased LV mass, carotid artery stenoses, and
atrial fibrillation are significantly associated with
an increased risk of stroke. Although elevated
blood cholesteral is not a powerful risk factor for
stroke, lowering of LDL cholesterol with statins
reduces stroke risk. A meta-analysis of the statin
trials done for CHD risk reduction showed a statis-
tically significant 29-percent risk reduction for
stroke, accompanying the 33-percent risk reduction
for CHD.#*?* Transient ischemic episodes are also
related to an increased risk of subsequent stroke.
Use of HRT has been associated with alower risk
of fatal stroke, but no change in overall incidence
of stroke, compared to nonusers. In the Nurses
Health Study, current hormone use was associated
with an increased risk of ischemic, but not hemor-
rhagic, stroke. For al strokes, there was a dose-
response effect, with higher doses of estrogen
associated with a higher risk.?®

In terms of active treatment of stroke, there are no
clear recommendations. Early administration of
aspirin seems to reduce the stroke-related death
and recurrence, as shown in the Chinese Acute
Stroke Trial (CAST).?** Where transient ischemic
episodes and stroke are associated with atrial fib-
rillation, warfarin may reduce the risk of stroke.?*
Carotid endarterectomy and aspirin therapy may be
helpful in symptomatic severe carotid stenoses.*?
The only clinical trial to assess the effect of con-
tinuous CEEs combined with MPA is the HERS
tria % Over afollowup of 4.1 years, 149 women
had 1 or more strokes out of atotal of 2,763
women. HRT was not significantly associated with
risk of nonfatal or fatal stroke or transient ischemic

attack. It was therefore concluded that HRT had no
significant effect on the risk of stroke in this high-
er risk group of menopausal women with CVD.

10. PERIPHERAL VASCULAR DISEASE

Peripheral vascular disease occurs relatively com-
monly in women, and like all CVD, thereisan
accelerated incidence with age in women.
Smoking is the most prevalent risk factor for
peripheral vascular disease in women, asitisin
men.? Insulin resistance,
increased BMI, elevated fib-
rinogen, and elevated blood
pressure are also risk fac-

tors. %" Cessation of smoking
and treatment of the underlying
metabolic problem, if possible,
may lead to improvement.
Peripheral vascular disease car-
ries an increased risk for CHD,
which is nongender-depen-

There is an increase

in risk of venous
thromboembolic
events in women
taking estrogen
compared with

those that do not.

dent.®" If surgery isindicated
for severe peripheral vascular disease, smoking
cessation is essential, and antiplatelet therapy may
also be helpful ###° The effect of HRT on peripher-
al vascular diseaseis not known.

11. VENOUS THROMBOEMBOLISM

Recent epidemiological studies and limited clinical
tria data have shown consistently that thereis an
increase in risk of venous thromboembolic events
in women taking estrogen compared with those
that do not. The studies to date indicate that there
may be afourfold increase in RR initialy, with a
persistent twofold increase in risk thereafter. 2023
The increased risk for venous thromboembolism
was similar in women using an estrogen plus a
progestin.**: |n unselected women, observational
studies report an annual incidence of 6-18 events
per 10,000 in subjects of all ages; thus a twofold
increase in risk due to HRT might result in an
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excess risk of 6-18 per 10,000 per year, and a
fourfold increase might result in 18-54 excess
cases per 10,000 per year. The recent large ran-
domized HERS study reported a statistically sig-
nificant increase in risk of venous thromboembolic
events among women randomized to hormone
compared to placebo.”™ In a more detailed evalua-
tion of the HERS population,® HRT was associat-
ed with arelative hazard of 2.7 and an excess risk
of venous thrombosis of 39 events per 10,000
women per year. This higher risk was associated
with older age, lower limb fractures, and cancer.
An interesting observation was that the relative
hazard for pulmonary embolism appeared to
decline with time, but the relative hazard for deep
venous thrombosis did not. This may have been a
chance finding. The relative hazard for venous
thrombosis seemed to remain elevated for 30 days
after the discontinuation of HRT. The mechanisms
for the increase in venous thromboembolism may
involve alterations in coagulation factors; to date,
no clear mechanism has been identified. Possible
interactions with deficiencies of antithrombin-111,
protein C and S, the prothrombin 20210G A
mutation, and factor V Leiden may result in the
increased risk for venous thromboembolism. The
interaction of activated protein C resistance with
estrogen or estrogen plus progestin therapy has been
confirmed in at least one study.?* Women with
thrombophilia should be counseled about the further
increase in risk if they use HRT. It should be rec-
ommended that women who take HRT discontinue
the therapy perioperatively or following trauma
during the period of immobilization and restart
HRT when they return to normal activity.?* WWomen
at very high risk of venous thromboembolism, such
as those with cancer, disorders of blood viscosity,
or aprior history of venous thromboembolism
should avoid menopausal HRT.?* An association
has been shown between the use of HRT and Ml in
postmenopausal hypertensive women with the pro-
thrombin 20210G[ A variant. Confirmation of this
finding in other studies may allow better risk
assessment associated with HRT in women.*”
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12. PULMONARY DISEASE

At present, we have only little knowledge of the
influences of sexual hormones on respiratory func-
tion. In fact, ERs (specifically ERp) have only
recently been found in lung, thus providing a ratio-
nale to further investigate new mechanisms for
otherwise well-known pathologies.

12.1 Asthma in Postmenopausal Women
Estrogen may play arole in the pathophysiology of
asthma. A prospective review of HRT and asthma
incidence in premenopausal and postmenopausal
women aged 3468 years conducted during a 135
person-year followup of 1 year, 726 new cases of
asthma were documented. Postmenopausal women
with no previous history of hormone use had a
significantly lower age-adjusted risk of asthmathan
premenopausal women (RR = 0.65; 95 percent Cl
0.46-0.92.). Users of 10 or more years duration had
twice the age-adjusted risk of asthma compared
with women who never used HRT (95 percent

Cl =1.39-2.87). There appears to be a positive
dose response between the daily dose of CEE and
asthma risk.® In a study in asthmatic women, it
was demonstrated that peak expiratory flow was
adversely affected by HRT.

In the treatment of asthma, inhaled corticosteroids
have been shown to decrease serum osteocalcin
levelsin postmenopausal asthmatic women.2*
Although it is clear that oral corticosteroids can
result in an enhancement of postmenopausal osteo-
porosis, inhaled corticosteroids (beclomethasone)
have also been shown to disturb Type | collagen
synthesis when high-dose corticosteroids are
used.® It is unknown, however, whether inhaled
beclomethasone impairs the ability of osteoblasts
to form bone. It is aso unknown whether there are
any detrimental longer term effects on bone with
prolonged inhaled corticosteroids.



12.2 Miscellaneous Conditions

Pulmonary lymphangioleiomyomatosis is a disease
confined to women in their reproductive, years and
there are some reports that hormonal factors play a
role in the development of the disease before and
after the menopause and that hormonal treatment
may be beneficial in older women.®! There is one
report which suggests that estrogen medication
without progesterone in postmenopausal heterozy-
gous women with cystic fibrosis can cause false-
negative tests. This report suggested a balance
between progesterone and estrogen for cystic
fibrosis lectin activity.>* Obstructive sleep apnea
syndrome has been associated with massive obesi-
ty in the appearance of this syndrome in women.>*

13. CONCLUSIONS

CVD remains the commonest single cause of
female mortality and morbidity in the Western
World. Despite the apparent protection offered by
endogenous sex hormones in their premenopausal
years, the greater longevity of women exposes
them to a similar lifetime risk of coronary and
other vascular disease compared to men. Women
tend to develop disease at a later age than men, and
are more likely to have complicating co-morbidities
such as hypertension and diabetes mellitus, which
contribute to poorer short term outcomes following
coronary events or revascularization. The athero-
genic risk profile of older women is appreciably
more adverse than that of younger women, though
it is uncertain whether age or hormones are the
primary determinant of the evolution of the adverse
risk profile. HRT has been shown to consistently
and markedly improve the lipid risk profile,
though a benefit on cardiovascular outcomes, such
as MI or cardiac mortality, has not yet been
demonstrated. A lack of benefit may be due

to countervailing adverse changes in coagulation
or inflammatory mechanisms. In view of gender
differencesin atherosclerotic plaque and the vascu-
lar remodeling effects of estrogen and proges-
terone, HRT may still prove to have an important
role in the management of CVD in women.

Except for asthma, there appears to be little impact
of menopause or HRT on the pulmonary system
although further research is warranted.

14. FuTure NEEDS

» RCTsare urgently required to investigate the
potential benefits and risks of different hormone
preparations (different estrogens, progestins,
combinations, and routes of administration) in
women with and without prior CHD. Low-dose
oral estrogens, nonoral preparations, SERMs
and androgens have to be
investigated in trials with
clinical outcomes.

commonest single

 Future clinical trials of preven-
tion treatments and treatments
of existing disease should
include sufficient women to
allow for an adequate assess-
ment of the effectsin women
and men.

CVD remains the

cause of female
mortality and

morbidity in the

Western World.

» Except for asthma, very few data exist on the
effect of the menopause or HRT on the respira-
tory system, and investigation of the effects on
important disease entities should be considered.
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CHAPTER 9: OSTEOPOROSIS AND ORAL BONE LOSS IN
AGING WOMEN: RISKS AND THERAPY

Robert Lindsay, M.D. Ph.D.;* Bruce Ettinger, M.D.;" Joan A. McGowan, M.N.S,, Ph.D.;?
Maryann Redford, D.D.S,, M.P.H.;® Elizabeth Barrett-Connor, M.D.**

Osteoporosis

Key PoINTS?
affects a large
1. Osteoporosis affects alarge proportion of the population of elderly women throughout proportion of the
the world.

population of

2. Theloss of estrogen at menopause contributes significantly to skeletal bone loss, elderly women

athough the mechanism is not completely understood.
throughout

3. Although there has been mgjor progress in methods for assessing risk for osteoporotic
fractures, identifying individuals at greatest need of antiosteoporosis treatment remains
an unmet need.

the world.

4. Low bone mass at menopause can be due to insufficient bone acquisition during growth or bone loss during
adulthood. Adequate nutrition—in particular, but not exclusively, from intake of calcium and vitamin D—
and adequate physical activity are the first line of prevention against osteoporosis [C].

5. ERT has been a mainstay in the prevention and treatment of osteoporosis for menopausal women in many
countries. HRT has been shown to maintain bone density and favorably influence markers of bone resorption
[A]; observational data and some, but not all, controlled clinical trials have demonstrated reduced fracture
risk with estrogen or hormone treatment [B].

6. SERMs are two recently developed classes of drugs that have been shown to stabilize bone mass and
prevent fracture in postmenopausal women [A]. The long-term effects of these agents are not known.

* From the Department of Medicine, Columbia University, College of Physicians Surgeons, and Director, Clinical Research Unit, Helen Hayes Hospital,
New York, NY, U.SA.

" From the Division of Research, Kaiser Permanente Medical Care Program, Oakland, CA, U.SA.

* From the Musculoskeletal Diseases Branch, National Institute of Arthritis and Musculoskeletal and Skin Diseases, NIH, Bethesda, MD, U.SA.

$ From the Clinical Trials and Epidemiologic Studies Program, National Institute of Dental and Craniofacial Research, NIH, Bethesda, MD, U.SA.
** From the Division of Epidemiology, Department of Family and Preventive Medicine, UCSD School of Medicine, La Jolla, CA, U.SA.

2 Evidence categories are given in square brackets. A = randomized controlled trials (rich body of data); B = randomized controlled trials (limited data);
C = nonrandomized trials and observational epidemiologic studies; D = Panel expert judgement. (See also table 1-1.)
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BMD is the most

common clinical

for assessing
skeletal status

and fracture risk.

7. A connection between menopausal estrogen
deficiency and oral bone lossis biologically
plausible, and many research findings to date
[C/D] are consistent with that link. Some early
findings support the hypothesis that treatments
used to maintain or improve skeletal bone den-
sity may favorably affect oral bone status and
attendant tooth |oss.

1. INTRODUCTION

Osteoporosis is defined as a skeletal disorder char-
acterized by compromised bone strength predis-
posing to an increased risk of fracture.* It has been
widely recognized in recent years by the medical
profession and the public as a significant health
concern, especially for elderly women, among
whom osteoporosis is more prevalent than among
men.? In most cases, bone |oss proceeds for many
years without any symptoms, and a fractureis
often the first manifestation of the disease.
Although rates of osteoporosis and associated bone
fractures increase with age, research findings sug-
gest that severe bone loss and fractures are not nat-
ural consequences of aging but may be prevented
or substantially delayed.

eesssssss————— | easurement of BMD is the
Measurement of

most common clinical diagnostic
method for assessing skeletal sta-
tus and fracture risk. Dual energy
x-ray absorptiometry (DEXA) of

diagnostic method the hip and spine is the preferred

measurement. It is validated by
many studies, has the best preci-
sion, and is correlated with frac-
ture risk. A WHO expert panel
defined osteoporosis asa BMD

at the hip more than 2.5 standard
deviations (approximately 30 percent) below the
peak mean BMD achieved by normal young
adults:®* This same panel defined low bone mass
(osteopenia) as a BMD between 1 and 2.5 standard
deviations below the young adult peak bone densi-
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ty. Theintent of these definitions was to enable
cross-cultural evaluation of bone mass, using cul-
turally specific normal ranges. The definitions
have allowed a more rational estimation of the
numbers of people at risk for osteoporosis-related
fractures in different countries and with different
ethnicities. In some countries (especialy the
United States) these definitions have become
accepted as diagnostic cut points. While this was
not the original intent, it has been a useful devel-
opment in an environment where reimbursement
isstill aligned to diagnosis.

Using the WHO definitions of osteoporosis and
low bone mass, investigators have estimated that
osteoporosis poses a threat for 28 million people
in the United States, 80 percent of whom are
women.* Nationally representative BMD measure-
ments would allow estimations of the prevalence
of osteoporosis and cost of osteoporotic fractures
in any country. It isimportant to recognize, how-
ever, that BMD is only one of a number of factors
that contribute to risk for fracture and that fracture
risk is the most important information for deciding
who needs treatment or intervention. Other factors
that contribute to risk for fracture include age, sex,
general nutritional status, genetic background, and
overall physical condition. The combination of
such factors and BMD measurement in risk assess-
ment appear to be of powerful predictive vaue.>®

2. EPIDEMIOLOGY AND ECONOMIC
CosTs OF FRACTURE
The clinical conseguence of osteoporosisis bone
fracture. While most common sites of fracture are
the spine, hip, and wrist, most fracturesincrease in
frequency with age, with the exception of skull
fractures.” In addition to increased mortality, acute
and chronic back pain, disability, loss of height,
decreased quality of life, and significant financial
and psychosocial costs are also associated with the
fractures.t Estimates are from age 50 years onward
there is amost a 40-percent lifetime risk for any



fracture of the spine, hip, or distal forearm for
white women and a 13-percent risk for white men
in the United States.® At least 90-percent of all hip
and spine fractures among elderly, white U.S.
women can be attributed to osteoporosis as well as
asignificant proportion of all other fractures.
Lessis known about fracture risk in minority pop-
ulations, although African-American women and
men have higher average bone mass values" and
lower rates of fracture compared with white U.S.
women and men.*

Rates of fracture and even the male:female ratio of
fractures observed vary in different parts of the
world.*? In Europe, hip fracture shows an elevenfold
range in apparent incidence among women and a
sevenfold range among men between the various
countriesin data from 17 countries.® The highest
incidence was found in the northern part of Europe,
and the lowest was found in the Mediterranean
area. The overall lifetime risk for any fracturein
women older than 50 years in most European
countries is approximately 3040 percent,* similar
to that for white women in the United States,
despite the clear variability across cultures. In
general, in Europe and elsewhere, the fracture rate
is greater in urban areas than in rural areas.®

Vertebra fractures are notorioudly difficult to
detect and quantify. Latera radiography of the
spine may be required to determine their presence.
Many fractures identified radiologically are
asymptomatic or, even if painful, are not brought
to medical attention. Only one-third of vertebral
fractures present as clinically apparent fracture
events.* Symptoms and signs (back pain, height
loss, and kyphosis) are under recognized, in part
because they are nonspecific. Radiological defini-
tions based on changes in the height of vertebrae,
used in clinical trials and in observational studies,
can yield widely different estimates of preva-
lence.®® In the United States, a prevalence of 25
percent in women over 50 years of age has been
estimated.” The risk of vertebral fracturein U.S.*
and Australian®® women increases fifteenfold to

thirtyfold between ages 50 and 90 years. (The risk
increase for hip fracture across those yearsin
women is fiftyfold.) Spine fractures also predict
other fractures,® in particular subsequent spine
fractures with the absolute risk of a second spine
fracture being approximately 20 percent in the first
year after theinitial event. In addition, spine frac-

tures are associated with an increase in all-cause

mortality rate.?

Medical expenditures for
the treatment of osteoporo-
sis-related fractures
exceeded $13 hillion in
1995, with the treatment of
white women accounting
for 75 percent of the
costs.* As populations age
and health care costs
increase, the costs of
osteoporosis-related frac-
tures will only escalate.
Projections based on popu-
lation growth, particularly

The annual worldwide
total of 1.26 million hip
fractures in 1990 is
expected to double by
2025. The greatest
increases, due to
demographic changes,
are expected to be in
Asia, in particular, in

mainland China.

the marked increase in the

elderly populations, sug-

gest that fractures and their associated costs could
triple in the United States by 2040,% and clearly
thisis aworldwide problem.2 In many countries,
especially in Scandinavia, there is an upward trend
in fracture prevalence.® In part, the trend is due to
the aging of the populations, with greater numbers
of old and very old people in many populations
across the world. However, clear age-specific
increases, particularly in hip fracture rate, have been
noted in the United States, the United Kingdom,
and Scandinavian countries. In the United States,
the increase appears to have plateaued.?” Assuming
no change in age- and sex-specific incidence, the
annua worldwide total of 1.26 million hip frac-
turesin 1990 is expected to double by 2025 as
populations continue to grow older.®? The greatest
increases, due to demographic changes, are expect-
ed to bein Asig, in particular, in mainland China.®®
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The mechanism

deficiency causes
bone loss is still
not completely

understood.

3. PATHOGENESIS OF FRACTURE

Fracture is related to bone strength and to the force
exerted upon that bone. Because bone mass and
bone quality decline with age, lessforce is
required to cause a fracture as age increases.
Understanding the skeletal component of fractures
requires an understanding of the process of bone
remodeling. In addition, it isimportant to realize
that a number of factors can contribute to fracture
risk by increasing the likelihood of trauma and that
they can be independent of bone mass.

3.1 Bone Growth and Remodeling

During childhood, bone grows linearly and can be
reshaped to fit the stresses placed on it by the
process of modeling. At the cessation of growth,
modeling virtually ceases, and bone is continually
replaced, but not reshaped, by remodeling, although
modeling still occurs, for example, after a fracture,
when realignment is necessary. Remodeling® can
be thought of as a preventive maintenance program
to ensure a strong, healthy skeleton, by old bone
removal—performed by osteoclasts—and new
bone deposition—performed by osteoblasts.
Osteoclastic activity also fulfills
the important role of calcium,
mobilization from the skeleton,

by which estrogen  crucia which is to the mainte-

nance of blood levels of calcium
especialy when the nutritional
supply of calcium isinsufficient.
In such situations, bone mass will
be lost in an attempt to provide
adequate calcium in conditions of

calcium deficiency.

Remodeling occursin foci that are discrete in time
and place.® It is a process initiated on the surface
of bone; therefore, any disturbance of remodeling
will preferentially affect sites with large surface
areas. Conseguently, with increased osteoclastic
activity, boneislost initially from the cancellous
(spongy bone) component, which forms only 20
percent of the skeletal mass but provides 80 per-

184

cent of skeletal surface area. Because thereis con-
siderable cancellous bone in the spine and in the
ends of long bones, bone loss at those sites is
greatest. Excessive bone removal at these sites can
completely erode trabeculae, disrupting the archi-
tecture.® Once trabeculae (and their surface area)
are lost, bone loss becomes more evident in corti-
cal bone, especially consequently in later life.

During bone growth, bone mass is gradually
accrued in a process that is heavily dependent on
genetic factors.® It is likely that many genes con-
trol so-called peak bone mass, that is, bone massin
young adult life, including the genes that control
body size. The search for a specific gene that con-
trols peak bone mass, bone loss, or osteoporosis
has been disappointing and will probably remain
s0. Peak bone mass is also powerfully influenced
by factors affecting prenatal, and early childhood,
and adolescent growth, including diet and lifestyle.
Chronic illness, inadequate diet, or physical inac-
tivity during childhood can reduce peak bone mass.

3.2 Impact of Menopause on Bone

After attainment of peak bone mass, bone density
isfairly stable in most healthy premenopausal
women. There may be some slow bone loss, par-
ticularly in the hip, but it is the gradual onset of
ovarian failure that heralds the most dramatic
changes in skeletal homeostasis. Bone loss acceler-
ates markedly for afew years after natural
menopause or oophorectomy, and some loss con-
tinues for the remainder of life.®* Women with very
low endogenous estrogen concentrations after
menopause may be at particularly high risk for hip
and spine fractures.® It has been proposed that
estrogen deficiency is the cause of both the early,
accelerated phase and, at least in part, the late,
sow phase of menopausal bone |oss.*

The mechanism by which estrogen deficiency
causes bone lossis till not completely understood.
After menopause, there is increased bone turnover,
which by itself produces atransient, reversible loss
of some bone tissue.* Irreversible bone loss is



caused by an imbalance between the amount of
bone removed by osteoclasts and the amount of
new bone produced by osteoblasts within each
remodeling cycle. Considerable attention has
focused on the ways in which estrogen might mod-
ulate both turnover and remodeling imbalance.
Several possible potential second messengers for
estrogen’s effects have been proposed. Osteoblasts
or cells of the osteoblast lineage are thought to
control the remodeling process. Communication
between osteoclasts and osteoblasts may modify
the amount of bone removed by the former cells,
perhaps by controlling recruitment or the lifespan
of the osteoclast population. Candidates as messen-
gers include the interleukins (especialy inter-
leukins 1, 6, and 11), prostaglandins, insulin-like
growth factors 1 and 2, TGF-f3, and the rank/rank-

importance is a personal history of fracture as an
adult. A history of peripheral fractureis usually
easy to elicit, but determination of spine fracture
may require lateral radiography of the spine. Spine
fracture predicts risk for future hip fracture, inde-
pendently of bone density.? A single spine fracture
almost doubles the risk of hip fracture, and multi-
ple spine fractures further increase the risk.
Prevalent spine fracture increases risk for further
spine fractures by afactor of 4 to 5. An incident
spine fracture (i.e., a newly occurring spine frac-
ture) further increases the risk, such that 20 percent
of patients who present with a new spine fracture
may be expected to have a second spine fracture
within ayear.®

For women after

ligand system.** Rank ligand is secreted by
osteoblasts and mediates osteoclast recruitment and
activity through rank, its receptor expressed in
osteoclasts. Osteoblasts also secrete osteoprote-
gerin, a decoy receptor which mops up the ligand
and has potential as a mechanism to inhibit osteo-
clast function and thus prevent bone loss.

4. CLINICAL ASSESSMENT
AND DIAGNOSIS
Theinitial approach to a patient
with osteoporosis or one who may
be at risk for osteoporosisis a
complete history and physical
examination. The physician should
determine the presence of any
underlying cause of osteoporosis,
including the use of any medica-

menopause,
clinical evidence
of osteoporosis

. . _ should be sought
It is known that bone loss continues into and may
even accelerate in old age.® There has been much

speculation on the role of estrogen deficiency in

at every clinical

evaluation.

mediating the process. It seems evident that estro-
gen deficiency, plays arole but that, increasingly
with age, other factors—including weight loss,
physical immobility and frailty, calcium and vita-
min D deficiency and secondary hyperparathy-
roidism, and the effects of intercurrent disease—
come into play.

3.3 Falls and Bone Fragility

Multiple factors have been associated with an
increased likelihood of falling and consequent frac-
ture’ Ageitself isastrong predictor for falls as
individuals become increasingly frail. Other factors
implicated with risk of hip fractures include ciga-
rette smoking, low body weight (especially weight
loss, perhaps a marker of frailty), previous fracture,
and family history of hip fracture.® Of particular

tion that might affect the skeleton,

such as thyroid hormone supple-

ments or glucocorticoids. For women after
menopause, clinical evidence of osteoporosis
should be sought at every clinical evaluation. The
principal method for making the diagnosis of
osteoporosis is evaluation of the skeleton by a non-
invasive measurement of bone density. In conjunc-
tion with the patient history and findings of the
physical examination, bone density evaluation will
determine whether the risk of fracture is sufficient-
ly high to warrant pharmacological intervention.
Bone density measurement can also serve to moni-
tor bone loss or the effects of therapy, athough its
limited precision makes it somewhat less useful for
individual monitoring than for risk prediction.®
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Diagnosis of osteoporosis according to BMD crite-
riais dependent upon the site assessed (hip, spine,
forearm, heel) and the methodology used.**
Measurement in the hip by DEXA is preferred
because it is less subject to the age-related artifacts
that affect the spine and is a better predictor of hip
fracture risk.* Where that modality is not avail-
able, x-ray absorptiometry or computed tomogra-
phy may be used to assess the spine, forearm,

tib

ia, or calc